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ABSTRACT 
The present study deals with terrigenous clastic rocks of Creta-
ceous age occurring in the western part of the lower Narmada basin. 
Here, the sequence comprises mainly sandstones and shales which are 
exposed in patches amidst the recent alluvium in four sectors around 
the taluka towns of Naswadi, Himatnagar, Fatehpur and Pavagarh. 
The study mainly aims at reconstructing the sedimentation history 
and facies analysis of sandstone units. An attempt was also made to 
study some diagenetic aspects of the sandstones, such as compaction 
and cementation. 
Twenty-three well exposed sections in the study area were 
measured and descr ibed. They show a maximum thickness of 20m and 
consist mainly of sandstones interbedded with subordinate shales . 
The textural study included grain size analysis and estimation 
of their roundness by Powers' (1953) method. The sandstones are medium 
to very fine grained, their M ranging from 1.13 to 3.11 d). Some sections 
show an upward increase or decrease in M However, in many sections 
vertical variations in grain size do not follow any definite trend. A 
general coarsening of grain size towards NNW is noted in the Naswadi 
sector but in the Himatnagar sector grain size increases east ward. 
The finest grain size occurs around Pavagarh and from here the grain 
size increases in south, east and north directions. 
The sandstones are moderately sorted to well sorted, their 
il ranging from 0.27 to 1.12 . The sediments around Pavagarh are 
least sorted. From Pavagarh sorting of sediments improves in N, E 
and SE direct ions. The sandstones are near symmetrical to fine skewed 
and mesokurtic to leptokurt ic . Their SK range from -0.49 to 0.36 and 
Ke, from 0.78 to 2.00. In general the study area is characterized by 
no particular dominance of ei ther positive or negative skewness which 
perhaps suggests fluctuating energy levels . 
Log probabil i ty plots of grain size data suggest deposition 
mainly by surface creep and saltation. The variation in percentages 
and sorting of different populations possibly indicate variation in wave 
and current energies as well as proximity to a channel. 
The distr ibution of roundness in individual samples is invariably 
unimodal with subrounded as modal class , excepting the Pavagarh sector 
where the modal class is subangular c lass . 
The sandstones are mainly quartz arenite while few are lithic 
arenite and feldspathic l i thareni te . Among the four sectors , sandstones 
of the Pavagarh sector show the maximum mineralogical maturity followed 
by the sandstones of the Naswadi and Himatnagar sectors which show 
slightly less mineralogical maturity. The sandstones of the 3 sectors 
were derived from a stable craton and partly from recycled orogen. 
However, marked variation towards mineralogical immaturity is seen 
in the sandstones of the Fatehpur sector which were mainly derived 
from recycled orogen provenance. 
Palaeocurrent data on cross bedding was employed to interpret 
the sediment dispersal pattern of the sandstones. The composite d i s t r i -
bution of cross-bedding azimuths aggregated from the study area indi-
cate dispersal of sediments in three different direct ions. The Paleogeo-
graphic setting of the basin suggests that the NW and SE dispersals 
were brought about by reversing ebb and flood tidal currents . The 
SW dispersal perhaps represents , sediment transport during lateral 
accretion in NW-SE oriented tidal channels. 
The present study has demonstrated that the Cretaceous sand-
stones of northeastern Gujarat were deposited in a tidal environment-
The recognition of t idal environment and processes is based on cr i ter ia , 
such as , waxing and waning currents indicated by cross-bedded sets , 
flaser bedding, graded bedding micro-interlayered bedding and react i -
vation surfaces; bidirectional currents reflected by bimodal-bipolar 
cross-bedding, rapid change in flow pattern shown by rapid and abrupt 
facies changes and frequent discontinuity planes. 
The term facies has been employed here in an interpret ive sense 
following the reconstruction of ancient depositional processes and envi-
ronments, 3 types of broad genetic facies are recognised which include, 
t idally influenced braided channel facies; t idal channel facies, and 
tidal mud-flat facies. These facies were deposited in an east-jLoriented 
linear basin which consisted of an estuarine complex. 
The study of diagenesis of Cretaceous sandstones mainly focusses 
attention on compaction, porosity reduction and cementation. 
The sandstones of the study area were cemented soon after 
deposition and prior to distinct compaction. The depth of burial is 
estimated to be around 3000 ft. 
Four types of cementing materials occur in the sandstones of 
the study area and include s i l ica . Iron oxide, clay and calcite in 
order of abundance. They were formed in the following order : clay, 
calcite, silica and last ly Iron oxide. 
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INTRODUCTION 
BASIN CONFIGURATION 
The Cretaceous sed imentary rocks occur mainly in a WSW-
ENE t rending narrow l inear r i f t bas in located along the lower Narmada 
v a l l e y . The b a s i n , des ignated ' lower Narmada b a s i n ' ex tends from 
Barwaha in the eas t to Naswadi near Rajpipla in the west over a 
d i s t ance of about 200 km in the s t a tes of Madhya P r a d e s h and Gujarat 
( F i g . 1&2). Toward the wes tern margin of the bas in s ca t t e r ed outcrops 
of the r o c k s , such as those of Himatnagar and of Panchmahal and 
Baroda d i s t r i c t s occur ou ts ide the main WSW-ENE t rend ing basin ( F i g . 2 ) . 
The rocks outcrop in pa tches wi th in the basin e i t he r as 
o u t l i e r s ove r ly ing the Precambr ian basement , or as i n l i e r s where 
covered by the Upper Cretaceous-Palaeocene e f fus ives , the Deccan 
T r a p s . The r o c k - s e q u e n c e , though t h i n , shows much l a t e r a l var ia t ion 
in l i t h o l o g y . The Cretaceous sed imenta ry sequence is free from 
any major tec tonic d i s tmrbance and the beds a r e e i t h e r subhorizontal 
or d ip at low angles towards SW and WSW, forming monocl ines . 
The sou thern l imi t of the basin is marked by the Narmada 
fault beyond which l ies the Satpura h o r s t covered by Deccan T r a p s . 
Towards the nor th and wi th in the basin Precambr ian basement rocks 
a r e e x p o s e d . Towards the wes t , beyond Ra jp ip la , Baroda and Himatnag-
ar the bas in is covered by recent al luvium d e p o s i t e d by Sabarmat i , 
Mahi and Narmada r i v e r s . 
The p resen t s tudy covers the wes te rn p a r t of the lower 
Narmada basin where the basin opened out as is evidenced by the 
p V ^ RECENT DEPOSITS 
Pf f r f l PALAEOGENE AND EOCENE 
^ 5 1 DECCANTRAP(CRET.EOC.) 
» * / | CRETACEOUS(NIMAR,BAGH ANDLAMETA GROUP) 
PRE CAMBRIAN CRYSTALLINES 
APPROXIMATE BASIN LIMIT 
BASINAL AXIS WITH PLUNGE DIRECTION 
FORM LINE SHOWING BASIN CONFIGURATION 
FIG, 1 CONFIGURATION OF NARMADA BASIN 
(Af ter Biswas and Deshpcnde ) 
1983 
presence of outcrops of Cretaceous sed imen ta ry rocks as far north 
from the bas in ax i s as Himatnagar ( F i g . 2 ) . 
PREVIOUS WORK 
The f i r s t de ta i l ed account of the geology of lower Narmada 
basin was p r o v i d e d by Blanford (1869) who des igna ted the Cretaceous 
sed imenta ry sequence as 'Bagh b e d s ' . Later Bose (1884) r e su rveyed 
the area and c l a s s i f i ed the Bagh b e d s . He ass igned them ^^i Albian-
Cenomanian age, and c o r r e l a t e d them with t h e Cretaceous rocks 
of south Ind ia . Vredenburg (1907) thought t h a t the Bagh beds 
a r e of the same age as the Lameta b e d s , t he former represen t ing 
the marine facies whi le the l a t t e r depos i t ed in the adjoining fresh 
water environment . He ass igned Cenomanian age to Bagh b e d s . 
Singh (1950), on the bas i s of foraminifera and algae in 
the Coral l ine Limestone unit of the Bagh beds > cons idered them not 
to be o lde r than Cenomanian 
Murty et al (1963) r e p o r t e d occurrance of plant foss i l s 
from the sandy and shaly uni ts forming the base of the sequence 
(Nimar sands tone) near Umrali , M.P. and ass igned Bagh beds to 
an age ranging from Cenomanian to M a e s t r i c h i t i a n . Dassaram and 
Sinha (1969) ass igned upper Cretaceous age to t h e Nimar sandstone 
on the bas i s of marine foss i l s in i t s upper p a r t . 
Raiverman (1975) cons idered Nimar sands tone , Bagh beds 
and Lameta beds as contemporaneous facies v a r i a n t s which were 
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depos i t ed in va r i ed envi ronments , such as a l l uv ia l f la t , coastal 
marsh and beach , s u p r a t l d a l - i n t e r t i d a l f l a t s , and sub t i da l shelf . 
Singh and Ghosh (1977) and Singh and Dayal (1979) d iv ided 
the Nimar sandstone into a lower member of f resh water or igin 
compris ing a sequence of c o n g l o m e r a t e , sandstone and ca rbo -
naceous c lay with plant f o s s i l s . The upper member consist ing of 
ca lcareous sandstone with marine foss i l s was r e g a r d e d as to r e p r e s e n t 
depos i t ion under marine cond i t i ons . The contact between the lower 
and upper members was r e p o r t e d to be unconformable . Singh and 
S r i v a s t a v a (1981) r edes igna ted Bagh beds as Narbada Group which 
was d i v i d e d into two formations-Nimar Sandstone Formation and 
Bagh Format ion. The Bagh Formation was fu r the r d iv ided into 
two members : Nodular Limestone- and Coral l ine Limestone. The 
s c i e n t i s t s of oil and Natural Gas Commission have designated the 
Nimar Sandstone and the Bagh Formation as the Nimar Group and 
Bagh Group (Biswas and Deshpande , 1983). 
STRATIGRAPHIC FRAMEWORK 
The Cretaceous sed imenta ry sequence d i r e c t l y ove r l i e s 
the Precambr ian basement and compr i ses Nimar and Bagh Groups 
in the t y p e a rea of Bagh. However,, in the wes t e rn p a r t of the basin 
the sed imenta ry sequence in Baroda (Naswadi-Songir a r e a ) , and 
Baroch (Devaganga r i v e r sect ion) -and Sabarkan tha (Himatnagar area) 
have been des ignated as Songir and Navagam Groups (Biswas and 
Deshpande , 1983). The genera l i sed s t r a t i g r a p h i c succession 
based on the work of Oil and Natural Gas Commission of India is 
given in Table 1. 
Table 1. Genera l ised s t r a t i g r a p h i c success ion in the lower Narmada 
bas in (based on the work of Oil and Natural Gas Commission 
of Ind i a , See Biswas and Deshpande , 1983.) 
Age Group Formation 
Recent to 
Sub-Recent 
Up per Cretaceous 
to Paleocene 
Upper Cretaceous 
Unconformity-
Unconformity 
Bagh Group (Navagam 
Group in Western p a r t ] 
Alluvium, l a t e r i t e s and 
g r a v e l s 
Deccan Trap Formation 
Lameta Formation 
Cora l l ine Limestone 
Nodular Limestone 
Lower Cretaceous Nimar Group (Songir 
Group in Western p a r t ] 
Unconformity 
Precambr ian basement 
Uchad/Umral i Flagstone 
Nimar Sandstone 
(Songir/Himatnagar 
in wes te rn p a r t ) 
The Nimar Sandstone d i r e c t l y o v e r l i e s the Precambrian 
basement . The lower pa r t compr ises coarse g r a i n e d , poor ly so r t ed , 
grey to p i n k i s h g r e y , c r o s s - b e d d e d s a n d s t o n e s . Local ly , basal 
conglomerate beds a r e deve loped . Trough c r o s s - b e d d i n g is dominant 
in most of the a r e a , but , in the wes te rn p a r t , p a r t i c u l a r l y in the 
Hathni and Devganga r i v e r sect ion the sands tones a lso show tabular 
c r o s s - b e d d i n g . The over ly ing Umral i /Uchad flaggy sandstones are 
deve loped in the cent ra l and wes te rn p a r t s of the bas in , A few 
o y s t e r beds occur in the upper pa r t of the Nimar Group. There 
is a gradual th icknening of the Nimar Group from east to wes t . 
The t h i c k n e s s ranges from about 15 to 30 m in the Man r i v e r va l ley 
in the east to over 150 m in the Devganga r i v e r sec t ion . 
The Himatnagar Sandstone , f i r s t mapped by Middlemiss 
(1921) in the Idar s t a t e , cons is t s of nea r ly 30 to 60 m t h i c k , s ands t -
ones , s h a l e s , and conglomerates , having p i n k , r ed and brown co lours . 
The plant foss i l s found in the formation suggest a lower Cretaceous 
(Wealden) age . These sandstones a re t he r e fo re be l ieved to be 
o lde r than the Bagh Group and a r e r ega rded as contemporaneous 
with the Nimar Sandstone underlying' t h e Bagh Group. 
The Himatnagar Sandstone is r e g a r d e d equiva lent of Songir 
Sandstone of Naswadi a r e a , Dharangadhra Sandstone of Kathiawar 
Peninsula and Barmer Sandstone of Rajas than, al l of which appear 
to be about app rox ima te ly of the same age . 
DEPOSITIONAL HISTORY 
The lower pa r t of the Cretaceous sed imenta ry sequence, 
the Nimar Group, was depos i t ed over the Precambr ian basement 
floor under f luvia l condit ions ind ica ted by unfoss i l i ferous nature 
of s e d i m e n t s , trough type c r o s s - b e d d i n g and unimodal d i s t r i b u t i o n 
of c r o s s - b e d d i n g azimuths and fining upward grain s i ze in ve r t i c a l 
squences (Biswas and Deshpande, 1983). In the wes tern pa r t the 
Nimar Sandstone shows bimodal and polymodal d i s t r i b u t i o n of c r o s s -
bedding azimuths indica t ing de l t a i c and marine inf luence. Biswas 
and Deshpande (1983) suggest t ha t in a d d i t i o n to t h e main wes te r ly 
sediment d i s p e r s a l along . the Narmada r i v e r , secondary d i s p e r s a l 
in SW and NW d i r ec t i ons r e p r e s e n t sediment t r a n s p o r t in t r i b u t a r i e s 
joining the main Narmada d r a i n a g e . 
Following the depos i t ion of Nimar Sandstone a major t r a n s g r -
ess ion took p lace r e su l t ing in the depos i t ion of Nodular limestone 
compris ing a rg i l l aceous carbonate muds tone-wackes tones . The basin 
a t ta ined maximum dep th of the sea during t h i s t i m e . Subsequent 
shoal ing r e su l t ed in the depos i t ion of coa r se g r a ined , fossi l i ferous 
Coral l ine Limestone under high energy i n t e r t i d a l cond i t ions . The 
sea fu r ther r e g r e s s e d during the depos i t ion of l imestones of the 
Lameta Formation, as is evidenced by inc reased c l a s t i c influence 
and pa r t i a l do lomi t i sa t ion of the l imes tone . 
The bas in was in the form of a narrow l inear embayment 
tha t a p p a r e n t l y opened out in the wes te rn p a r t . The palaeocurrent 
d i r ec t i ons and the t h i c k n e s s data of va r ious formations indica te 
gradual deepening of the basin in the WSW d i r e c t i o n . The deepes t 
pa r t of the basin is l i ke ly to be in the a rea west of Rajpipla 
around the mouth of Narmada r i v e r . The n o r t h e r n outcrops around 
Himatnagar form the fringing pa r t of the b a s i n . 
BASIN TECTONICS 
The Cretaceous sed imentary sequence was d i s t u r b e d by 
faulting subsequent to effusion of Deccan T r a p ; in wes te rn par t 
of the basin the sed iments a re exposed as faul ted i n l i e r s amidst 
t r a p s . The regional s t r u c t u r e is of the graben and hor s t t y p e . 
The Narmada fau l t , forming the sou thern margin of the basin and 
n o r t h e r n l imit of the Satpura h o r s t . has caused t i l t i n g of the sedimenta-
ry sequence sou thwards forming a graben (Babu, 1984). The faulted 
southern margin of the basin is marked by numerous ENE-WSW trending 
d y k e s . 
The o ldes t set of tectonic lineament in t h e bas in is or iented 
NW-SE cor responding to the Precambr ian t rend in the a r e a . These 
were re juvena ted from time to t ime t i l l recent t i m e s . A second 
major lineament system tha t inc ludes the Narmada fault system t r ends 
ENE-WSW. The t h i r d set of limeament is o r i en ted NE-SW. The 
Cambay r i f t bas in and the Narmada r i f t bas in both were formed 
dur ing the Gondwana per iod and hence both t h e s t ruc tu ra l tren^ds, 
tha t i s , ENE-WSW and NE-SW, a re more or l e s s contemporaneous. 
They a re younger to the NW-SE s t r u c t u r a l t r end of t h e Precambrian 
rocks of the reg ion . 
The Mesozoic sediments were depos i t ed in grabens t rending 
NW-SE, ENE-WSW and NE-SW. During the la te Cretaceous per iod 
the volcanic flows occupied the much denuded Cretaceous t opog raphy . 
The Cambay T e r t i a r y bas in came into ex i s t ence subsequent ly as 
an i n t r a c r a t o n i c bas in t rending NS. 
The Mesozoic sed imenta ry rocks occurr ing in the Narmada 
bas in a re not seen wes twards of Rajpipla as a major fault throws 
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them down to the deepe r pa r t of the ba s in . Presence of the Mesozoic 
sediments in the coastal pa r t of the bas in were r evea l ed by theDSS 
inves t iga t ions (De and Ja in 1979). The a l t e rna t ing g rav i ty high 
and low t r e n d s seen in the bas in between Bi l imoria and Ankleshwar 
a r e l i ke ly to hold the Mesozoic sediments wi th in the d e p r e s s i o n . 
The Mesozoic sediments exposed in the Ra jp ip la -Rajpur a reas can 
be extended into the g r a v i t y low area in between Ankleshwar and 
Surat where cons ide rab ly th i ck sequence of Mesozoic sediments (about 
1000 m t h i c k ) a r e e x p e c t e d . 
An in t e rg ra t ed s tudy of data obta ined from the landsat 
image, geological and geophys ica l s u r v e y s suggests tha t marine 
incurs ion during the Mesozoic occur red from the sou th -wes te rn par t 
of the p resen t day Sauras t ra Peninsula and pas sed through the Surat 
offshore d e p r e s s i o n and into the Narmada graben (Babu, 1984). 
The Mesozoic sediments a r e not r eco rded in the Bombay high region 
whe re the T e r t i a r y rocks d i r e c t l y o v e r l i e the Precambr ian basement. 
The se ismic tends in the Gulf of Cambay a r ea ind ica te tha t NE-
SW t r e n d s of the onshore area (seen in the area between Surat 
and Ankleshwar) extend into the offshore upto around l a t i t ude 20° 30' 
and fu r the r on ro ta te to E-W d i r e c t i o n . A regional EW fault around 
t h i s p lace s e p a r a t e s the Cambay basin from the N-S t rending Bombay 
high b a s i n . This p r o b a b l y denotes the southernmost extension 
of the Mesozoic sediments wi th in the Gulf of Cambay. 
LOCATION OF THE STUDY AREA 
The presen t s tudy was c a r r i e d out in the western par t 
of the lower Narmada basin (Fig. 1 and 2 ) . The s tudy a r e a , limited 
11 
by longitudes 72°80' and 74°20' and latitudes 22° and 
23°80', covers 30000 sq. km and is located in the north eastern 
part of Gujarat s ta te . In the study area Cretaceous sedimentary 
rocks comprising mainly sandstones and shales are exposed in patches 
amidst the recent alluvium in four sectors around the taluka towns 
of Naswadi, Himatnagar, Fatehpur and Pavagarh (Fig .2) . 
Scattered patches of Cretaceous sandstones occurring around 
Naswadi town, 80 km SE of Baroda (Fig. 3) are informally designated 
Songir sandstone (Pascoe, 1965). The outcrops are included in 
the Naswadi sector which forms the southern part of the study 
area. 
In the northern part of the study area Cretaceous rocks 
outcrop around Himatnagar town which is located 60 km from Ahmadabad 
and can be reached both by train and bus (Fig. 4 ) . Here the 
Cretaceous sequence has been designated as the Himatnagar sandstone 
(Middlemiss, 1921). The formation res ts with a pronounced unconfor-
mity ei ther on the Erinpura granite or -on Aravalli quartzite and 
phy l l i t e s . 
Small patches of Cretaceous sandstones outcrop near Fatehpur 
town, 40 km north of Dohad town in the Panchmahal dis t r ic t (Fig 
5). These outcrops were included in the Fatehpur sector lying 
towards the NE of the study area. There is nc published account 
of these outcrops. The sandstones were observed to rest on Aravalli 
rocks of highly siliceous nature. 
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In the cent ra l pa r t of the s tudy area ou tc rops of Cretaceous 
sands tones occur near Gambhi rpur , Vankar ia , Navakuan v i l l a g e s , 
few km SE of Pavagarh town located in the Panchmahal d i s t r i c t 
of e a s t e rn p a r t of Gujarat s ta te (F ig . 5 ) . 
AIM AND SCOPE OF THE STUDY 
The p resen t s tudy mainly aims at r econs t ruc t ing the sedimen-
ta t ion h i s t o r y and facies ana lys i s of sandstone uni ts belonging to 
the C r e t a c e o u s age . An at tempt was a lso made to s tudy some d iagene-
t i c a s p e c t s of the sands tones , such as compaction and cementat ion. 
The f ie ld work was c a r r i e d out during the months of December 
and January 1985-86. During the f ie ld work twen ty th ree wel l -
exposed l i t h o s t r a t i g r a p h i c sect ions were measured . The measured 
sec t ions inc lude 14 in Naswadi s e c t o r , 6 in Himatnagar s ec to r , 2 
in Fa tehpur sec tor and one in Pavagarh s e c t o r . In a d d i t i o n , l i t h o s t r a -
t i g r a p h i c and pa laeocur ren t data was co l lec ted from severa l o ther 
l o i c a l i t i e s in the s tudy a r e a . 
Thin sec t ions p r e p a r e d from 83 sandstone samples were 
used for gra in s ize and roundness a n a l y s i s . Cumulative frequency 
cu rves were p lo t t ed and s t a t i s t i c a l pa r ame te r s of gra in s ize were 
computed according to the method of Folk and Ward (1957). The 
th in sect ion data on grain s ize was conver ted into s i eve equ iva l en t s . 
Log p r o b a b i l i t y p lo t s of grain s i ze d i s t r i b u t i o n were a lso const ructed 
and ana lysed on the bas i s of V i s h e r ' s (1969) s tudy of modern 
s e d i m e n t s . 
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Detrital mineralogy was studied for the purpose of descr ipt-
ion and petrographic classification of the sandstones and also for 
the interpretation of provenance. Folk 's (1968, 1980) scheme of 
sandstone classification, based on composition of common detrital 
framework constituents, and Dickinson's (1983) classification emphasi-
sing the tectonic setting of the provenance, were employed in the 
present study. The detri tal minerals were studied in 176 thin 
sections. 
Palaeocurrent data was employed to interpret the dispersal 
pattern of the sediments. For this purpose azimuthal data collected 
on large-scale planar and trough cross-bedding was used. Study 
of palaeocurrents included construction of palaeocurrent maps at 
different levels of sampling and determination of s tat is t ical parameters 
of azimuthal var iabi l i ty at each level . 
Diagenesis is an important aspect of sedimentological 
investigation but published studies dealing with this aspect are 
scarce, especially those made on Cretaceous sediments of the Narmada 
basin. In the present study an attempt was made to study the 
diagenetic history of the sediments. The diagenetic aspects included 
compaction, porosity reduction and cementation. The study of diagene-
sis is based on examination of thin sections, scanning electron micros-
copy and X-ray diffraction analysis . Thin sections were emplo 
-yed to study types of grain contacts, porosity reduction and cement. 
Scanning electron microscopy was employed to study cement and 
pores . X-ray diffraction analysis helped in the identification of 
clay minerals. 
CHAPTER I 
LITHOSTRATIGRAPHY 
INTRODUCTION 
The Cretaceous sands tones in n o r t h e a s t e r n Gujarat outcrop 
in pa tches surrounded by recent a l luv ium. The outc rops occur in 
four s e c t o r s , namely Naswadi , Himatnagar, Fa tehpur and Pavagarh , 
S t r a t i g r a p h i c sec t ions of the Cretaceous sands tones were measured 
at s eve r a l l oca l i t i e s in the s tudy area dur ing the winter months 
of 1985-86. The geological map of shee t no. 24 on 1:1000,000 scale 
p u b l i s h e d by Geological Survey of Ind ia , 1978 was used as the base 
map . Fourteen sect ions were s tud ied in the Naswadi sector where 
the sands tones outcrop over a l a r g e r a r e a . Six sec t ions where measured 
in the Himatnagar s ec to r . Sca rc i ty of exposures in the Fatehpur 
and Pavagarh sec to r s could allow s tudy of two and one sect ions in 
the r e s p e c t i v e s e c t o r s . The measured sec t ions show a maximum 
t h i c k n e s s of 20 m and consis t mainly of sands tones i n t e rbedded with 
s h a l e s . The sec tor - wise l i t h o s t r a t i g r a p h i c d e t a i l s of the measured 
sec t ions a r e as fo l lows: 
NASWADI SECTOR 
Gadewa Section 
A l i t h o s t r a t i g r a p h i c sect ion was measured in the Naswadi 
r i v e r near Gadewa v i l l a g e . The measured sect ion is 11.50 m th ick 
and compr i ses 4 sand uni ts i n t e r b e d d e d with sha l e s ( F i g . 6A). 
0.0 - 2.0 m Lenticular s and -body 2 m th ick and 80 m wide , 
(Base) 
compris ing medium g ra ined , p u r p l e - w h i t e , compact, 
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c r o s s - b e d d e d s a n d s t o n e s . La rge - sca l e planar and 
trough c r o s s - b e d d i n g is common. Sets of c r o s s -
bedding a re 5-12 cm th ick and show reac t iva t ion 
su r f aces . Incl inat ion of c r o s s - b e d d i n g ranges from 
12° to 24°. 
2.0 - 3.5 m Red s h a l e s , wea thered 
3,5 - 4.5 m Lent icular sand body , 1 m th i ck and 40 m wide . 
It compr ises l a r g e - sca le p lanar and trough c r o s s -
bedded medium g ra ined , p u r p l e w h i t e , compact 
s ands tones . 
4.5 - 5.0 m Red s h a l e s , w e a t h e r e d . 
5.0 - 5.5 m Medium gra ined , p u r p l e - w h i t e , compact , calcareous 
s ands tones . Massive a p p e a r i n g . 
5.5 - 6.0 m Red s h a l e s . 
6.0 - 6,5 m Medium gra ined , p u r p l e - w h i t e , compact , ca lcareous ; 
s ands tones . Massive a p p e a r i n g . 
6.5 -11 .5 m Red Sha les , 
( top) 
Nanhupura Section 
A l i t h o s t r a t i g r a p h i c sect ion was measured near Nanhupura v i l l a g e . 
The measured sect ion is 16 m th ick and compr i ses dominantly sandstone 
and subord ina t e sha le (F ig . 6 B ) . 
0.0 - 3.5 m Coarse gra ined , w h i t e , compact , c r o s s - b e d d e d s ands t -
(Base) 
ones containing s c a t t e r e d p e b b l e s of 8 mm maximum 
s i z e . La rge - sca le p lanar and trough c ros s -bedd ing 
is common. Sets of c r o s s - b e d d i n g a re 8-12 cm t h i c k . 
Incl inat ion of c r o s s - b e d s va ry from 6° to 13°. 
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3.5 - 4.0 m Red s h a l e s , w e a t h e r e d . 
4,0 - 8.5 m Coarse -g ra ined , p u r p l e - w h i t e , compact , c r o s s - b e d d e d 
sandstones showing l a r g e - s c a l e p lanar and trough 
c r o s s - b e d d i n g . The sands tones contain s ca t t e r ed 
p e b b l e s of maximum s ize of 3 cm. 
8.5 - 9.5 m Red s h a l e s . 
9.5 -16 .0 m Coarse -g ra ined , p u r p l e - w h i t e , compact , c r o s s - b e d d e d 
(Top) 
sandstones with s c a t t e r e d p e b b l e s of maximum size 
of 3.5 cm. Large - sca le p lanar and trough c r o s s -
bedding is common. Ver t ica l and subhor izonta l 
bur rows occur towards t h e t o p . 
Kundia Section 
A l i t h o s t r a t i g r a p h i c sect ion was measured in the Hiran r i v e r 
near Kundia v i l l a g e . The measured sect ion i s 19 m t h i c k and comprises 
the following sequence (Fig . 6 C ) . 
0.0 - 0.5 m Light g r e y - w h i t e , compact to f r i ab l e coarse -gra ined 
( B a s e ) 
s ands tones . La rge - sca le p lanar c r o s s - b e d d i n g is 
common (Plate l A ) . Planar c r o s s - b e d s show a l ternat ing 
coa r se and fine laminat ion. 
0.5 - 1,5 m Vfeathered red s h a l e s . 
1.5 - 3.0 m Lent icular s a n d - b o d y , 1.5 m th i ck and 32 m wide . 
It compr i ses l ight g r e y - w h i t e , s l i g h t l y compact to 
f r i a b l e , medium grained p e b b l y sands tones . Well 
rounded to rounded p e b b l e s , 5 mm in s i z e , occur 
in l a y e r s . Lent icular bedding and l a rge - sca l e 
20 
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planar, cross-bedding are common. Sets of cross-
bedding are upto 30 cm th ick . The cross-bedded 
sets show reactivation surfaces (Plate IB). Irregular 
bedding contacts and cut-and-fill structures are 
common. 
3.0 - 4.5 m Highly weathered red shales , mostly covered by 
red soil . 
4,5 - 6.0 m Lenticular sand-body, 1.5 m thick and 65 m wide. 
It comprises light grey and white, slightly compact 
to fr iable, coarse-grained pebbly sandstones. 
The pebbles occur scattered and their maximum 
size is 3.5 cm. Large-scale planar and trough 
cross-bedding is common. Cross-bedding sets show 
reactivation surfaces. 
6.0 - 7.5 m Highly weathered red shales , covered by red soil . 
7.5 -11.0 m Lenticular sand-body, 3.5 m thick and 128 m wide. 
It comprises light grey-white, sl ightly compact 
to fr iable, coarse grained, pebbly sandstones. 
The pebbles occur scattered (Plate IC) or in patches. 
The maximum size of pebbles is 2 cm. Large-
scale planar and trough cross-bedding is abundant 
and occurs in cosets . The cross-bedding sets 
are 10-18 cm thick. 
11,0-16.0 m Highly weathered red shales , covered by red soil . 
16.0-19.0 m Purple-white, compact coarse-grained, pebbly sandsto-
nes. Wavy and lenticular bedding, and large scale 
planar and trough cross-bedding are common. Set 
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t h i c k n e s s e s of c r o s s - b e d d i n g range from 4 to 30 
cm. Incl inat ion angles of c r o s s - b e d s range from 
15° to 40". 
Har ipura Section 
A l i t h o s t r a t i g r a p h i c sect ion was" measured in the Naswadi 
r i v e r near Har ipura v i l l a g e . The measured sect ion is 5.5 m th ick 
and shows t h e following sequence ( F i g . 7A). 
0.0 - 2.5 m Coarse to g r i t t y , p u r p l e - w h i t e , s l i g h t l y compact, 
(Base) 
c r o s s - b e d d e d sandstones wi th s c a t t e r e d pebb le s 
of maximum s ize 2.5 cm. La rge - sca l e p lanar and 
trough c r o s s - b e d d i n g is common,. 
2.5 - 5.5 m ited sha les , w e a t h e r e d . 
(Top) 
Chametha Hill Section 
A l i t h o s t r a t i g r a p h i c section was measured near Chametha v i l l a g e . 
The measured sec t ion is 16.5 m th i ck and compr i ses mainly "sandstones 
(F ig . 7B) . 
0.0 - 3.0 m Coarse -g ra ined , p u r p l e - w h i t e , compact , c r o s s - b e d d e d 
(Base) 
s ands tones . The sands tones contain ferruginous bands 
and sca t t e red p e b b l e s wi th maximum size of 1.5 
cm. Bedding t y p e s and sed imen ta ry s t r uc tu r e s 
include l a r g e - s c a l e p lanar and trough c r o s s - b e d d i n g , 
hor izonta l to sub -ho r i zon t a l laminat ions , par t ing 
l inea t ion , asymmetr ica l r i p p l e m a r k s , and bur rows . 
PLATE I 
B 
^ 
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PLATE - I 
Field and hand specimen photographs showing lithologic 
and sedimentary characters of the Cretaceous sandstones, 
NE Guj arat , 
A. Well developed large-scale planar cross- bedding in 
Cretaceous sandstones at Kundia village, Naswadi Sector. 
B. Reactivation surface in planar cross-bedding, Kundia 
village, Naswadi Sector. 
C. Scattered pebbles in sandstones, Kundia village, Naswadi 
Sec tor. 
D. Ferruginous layers in sandstones, Songir quarry . 
Naswadi Sector. 
E. Large-scale planar cross-bedding in lower part of 
Chalor section, Fatehpur Sector. 
F. Large-scale trough cross-bedding from upper part of 
Chalor section, Fatehpur Sector. 
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3.0 - 3.5 m Red shales . 
3.5 - 8.0 m Coarse-grained, purple-white , compact, cross-bedded 
sandstones and interbedded ferruginous bands. 
Large-scale planar and trough cross-bedding, is 
common. 
8.0 - 8.5 m Red shales . 
8.5 - 9.5 m Coarse-grained, white, compact sandstones. Bedding 
types and sedimentary structures include large-
scale planar and trough cross-bedding, horizontal 
to sub-horizontal laminations, parting lineation, 
and burrows. 
9.50 -10.0 m Red shales . 
10.0-16.5m Coarse-grained, purple-white , compact cross-bedded 
(Top) 
sandstones. Large-scale planar and trough cross-
bedding and burrows are common. 
Songir Quarry Section 
A l i thostrat igraphic section was measured near Songir vil lage. 
The measured section is 11 m thick and comprises mainly sandstones 
with two shale bands towards the top (Fig. 7C). 
0.0 - 8.5 m Coarse-grained, purple-white , compact cross-bedded 
(Base) 
sandstones. Bedding types include r ipple bedding 
and large-scale planar cross-bedding. Burrows 
are well developed. 
8.5 - 9.0 m Red shales . 
9.0 - 9.5 m Coarse-grained, white, compact sandstones with 
ferrusinous bands (Plate ID). 
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9.5 -11.0 m Red shales. 
(Top) 
Amaliya Section 
A l i thostrat igraphic section was measured in a hill section 
near Amaliya vil lage. The measured section is 13 m thick and consists 
of the following sequence (Fig. 8A). 
0.0 - 3.0 m Coarse-grained, grey-white , compact, cross-bedded 
(Base) 
sandstones with ferruginous bands and scattered 
pebbles of 3 cm maximum size . Large-scale planar 
and trough cross-bedding well developed. 
3.0 - 5.0 m Red shales , weathered. 
5.0 - 8.5 m Coarse- to medium-grained, purple-yellow, compact, 
cross-bedded sandstones with occasional scattered 
pebbles . Large-scale planar and trough cross-
bedding is developed. Cross-bedding sets are 
6 - 16 cm thick. Inclination of cross-beds ranges 
from 4° to 12°. 
8.5 -13.0 m Red shales , weathered. 
(Top) 
Linda Section 
A l i thostrat igraphic section was measured in a hill section 
near Linda vi l lage. The measured section is 15.5 m thick and compri-
ses almost equally of sandstones and shales (Fig. SB). 
0.0 - 2.0 m Coarse-grained, white, compact, cross-bedded sandst-
(Base) 
ones with scattered pebbles of 1.5 cm maximum 
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size and ferruginous bands. Bedding types include 
large-scale planar and trough cross-bedding, horizontal 
to sub-horizontal laminations and parting lineation. 
Sets of cross-bedding are 6-13 cm th ick . Inclination 
angles of cross-beds range from 2° to 16°. 
2.0 - 5,0 m Red shales . 
5.0 - 8.0 m Coarse-grained, white, compact, cross-bedded sandst-
ones with scattered pebbles of maximum size 1 
cm. Ferruginous bands are present . Bedding types 
include r ipple bedding, large- scale planar and 
trough cross-bedding. Ripple marks and burrows 
are seen. Sets of cross-bedding are 5-10 cm thick. 
Inclination angles of cross-beds vary from 3° to 
18°. 
8.0 - 11.0 m Red shales. 
11.0 -14.0 m Coarse-grained, white, compact, cross-bedded sandsto-
nes, with scattered pebbles of maximum size of 
1.5 cm. Bedding types comprise horizontal lamination-
s, r ipple bedding, large-scale planar and trough 
cross-bedding. Parting lineation is seen on some 
bedding surfaces. 
14.0-15.5 m Red shales . 
(Top) 
Agar Section 
A l i thostrat igraphic section was measured in the Naswadi 
r iver near Agar vi l lage. The measured section is 9 m thick (Fig.SC). 
28 
13m. 15.5 m 
10m. 
Om. 
10m-
f -f f •( ^ •(• 
9m 
INDEX 
SANDSTONE 
PEBBLES 
SHALE-SILTSTONE 
Z 
PLANAR CROSSBEDDING 
TROUGH CROSSBEDDING 
WAVY BEDDING 
Om. 
imiM. yjyyj-jyjjj 
RIPPLE BEDDING 
•f -f i -i- ^  
:f / f f -^  
if- d^ ^ -f f 
BURROWS 
PARALLEL LAMINATION 
FIG 8 LITHOSTRATIGRAPHIC COLUMNS OF SECTIONS MEASURED IN NASWADl SECTOR AT 
LOCALITIES . (A) AMALIYA , ( B) LINDA ,(C) AGAR . 
29 
0.0 - 5.0 m Coarse-grained, white, compact, cross-bedded sands-
(Base) 
tones, with scattered pebbles of maximum size 
of 5 mm and ferruginous bands. Large-scale planar 
and trough cross-bedding is common. Sets of cross-
bedding are 6-17 cm th ick . Inclination angles 
of cross-beds vary from 6° to 30°. Burrowing 
is observed. 
5.0 - 9.0 m Red shales . 
(Top) 
Pothlipura Section 
A l i thostra t igraphic section was measured in a hill section 
near Pothlipura vi l lage. The measured section is 18 m thick (Fig. 
9A). 
0.0 - 4.5 m Coarse-grained, white, compact, cross-bedded sands-
(Base) 
tones with scattered pebbles of maximum size of 
6 mm and ferruginous bands. Large-scale planar 
and trough cross-bedding is common. Sets of cross-
bedding are 5-9 cm th ick . Inclination angles of 
cross-beds range from 4° to 11°. 
4.5 - 5.0 m Red shales . 
5.0 - 8.0 m Coarse-grained, purple-white , compact, cross-bedded 
sandstones with scattered pebbles of maximum size 
of 6 mm. Large-scale planar and trough cross-
bedding is common. 
8.0-8.5 m Weathered red shales . 
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8.5 -10.0 m Gritty and coarse-grained, white, compact, cross-
bedded sandstones with ferruginous bands and scattered 
pebbles of maximum size of 9 mm. Large-scale 
planar and trough cross-bedding is well developed. 
10.0 -10.5 m Weathered red shales . 
10.5- 12.0m Gritty and coarse-grained, purple-white, compact, 
cross-bedded sandstones with ferruginous bands 
and scattered pebbles of maximum size of 3 mm. 
Large-scale planar and trough cross-bedding is 
well developed. Sets of cross-bedding are 6 to 
21 cm thick. Inclination of cross beds vary from 
4° to 14°. 
12.0 -18.0 m Weathered red shales . 
(Top) 
Soikuwa Section 
A l i thostra t igraphic section was measured in a hill section 
near Soikuwa vil lage. The measured section is 20 m thick (Fig. 
9B). 
0.0 - 3.0 m Coarse-grained, white, compact, cross-bedded sands-
(Base) 
tones with ferruginous bands. Large-scale planar 
and trough cross-bedding is well developed. 
3.0 - 4.0 m Weathered red shales . 
4,0 - 7.5 m Coarse-grained, white, compact, cross-bedded sands-
tones with ferruginous bands. Large-scale planar 
and trough cross-bedding is well developed- Burrowing 
i s common. 
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7.5 - 8.5 m Weathered red shales 
8.5 -13.0 m Coarse-grained, white, compact, cross-bedded 
sandstones with ferruginous bands. Large-scale 
planar and trough cross-bedding is well developed. 
Sets of cross bedding are 4 - 2 1 cm thick. 
Inclination of cross-beds ranges from 4° to 
14°. Burrows are common. 
13.0-20.0 m Weathered red shales 
(Base) 
Kakadiya Section 
A l i thostrat igraphic section was measured near Kakadiya 
village in a hill section. The measured section is 11 m thick 
and comprises essentially sandstones (Fig. 9C). 
0.0 - 3.0 m Coarse-grained, white, compact, cross-bedded 
(Base) 
sandstones with ferruginous bands, and scattered 
pebbles . Large-scale planar and trough cross-
bedding and burrowing are observed. 
3.0 - 4.0 m Weathered red sha les . 
4.0 -11.0 m Coarse grained, white , compact, cross-bedded 
(Top) 
sandstones with scattered pebbles of maximum 
size of 5 mm and well developed large-scale 
planar and trough cross-bedding. 
Pochamba Section 
A l i thostra t igraphic section was measured in a hill section 
near Pochamba vi l lage. The measured section is 10 m thick (Fig. 
lOA). 
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0.0 - 7.0 m Gritty to coarse-grained, purple-white , compact, 
(Base) 
cross-bedded sandstones showing well developed 
large scale planar and trough cross-bedding. 
Pebbles occur in discontinuous layers and bands. 
The maximum size of pebbles is 1.5 Cn» Sets 
of cross-bedding are 4-15 cm thick. Inclination 
of cross-beds ranges between 6° to 16°. Graded 
bedding is also observed. 
7.0 -10.0 m Weathered red shales . 
(Top) 
Ghodisimal Section 
A l i thostrat igraphic section was measured near Ghodisimal 
village in a hill section. The measured section is 12.5 m thick 
(Fig. lOB). 
0.0 - 4.5 m Coarse-grained, white, compact, cross-bedded 
(Base) 
sandstones with scattered pebbles of maximum 
size of 6 mm and well developed large-scale 
planar and trough cross-bedding. 
4.5 - 5.0 m Weathered red shales . 
5.0 - 7.5 m Coarse-grained, white, compact, cross-bedded 
sandstones containing scattered pebbles and 
ferruginous bands. Burrowing is common. Large-
scale planar and trough cross-bedding is well 
developed. Sets of cross-bedding are 4-16 
cm thick. Inclination of cross beds ranges from 
5° to 14°. 
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7.5 - 12.5 m Weathered red shales. 
(Top) 
HIMATNAGAR SECTOR 
Sabarmati River Section 
A l i t h o s t r a t i g r a p h i c sect ion was measured in the Sabarmati 
r i v e r 1 km south of Karoli v i l l a g e . The measured sect ion is 19 m 
th i ck (Fig . I I A ) . 
0.0 - 2.0 m Pink coloured micaceous, s i l t y , kao l in i t i c c l ays tone . 
(Base) 
2.0 - 4.5 m Fine g ra ined , whi te co loured , compact , sandstones 
showing t h in l amina t ions , wavy bedding and 
l a r g e - s c a l e p lanar and trough c r o s s - b e d d i n g . 
Cros s -bedd ing se t s a r e 6-16cm t h i c k . Inclination 
of c r o s s - b e d s ranges from 2° to 5° . 
4.5 - 5.0 m Pink co loured , micaceous, s i l t y , kao l in i t i c c l a y s t -
one, 
5.5 - 7.5 m White to l igh t yel low co loured , laminated s i l t s t ones 
and s i l t y s h a l e s . 
7.5 - 19.0 m River Alluvium. 
(Top) 
Rangpur Section 
A l i t h o s t r a t i g r a p h i c sect ion was measured in a t r i b u t a r y of 
Sabarmati r i v e r near Rangpur v i l l a g e . The measured sect ion is 7.5 m 
th i ck (F ig . I I B ) , 
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0.0 - 3.0 m Pink coloured, kaolinitic and si l ty claystone. 
(Base) 
3.0 - 4.5 m Fine grained, light yellow, cross-bedded sandstones 
showing wavy bedding and large-scale planar 
and trough cross-bedding. 
4.5 - 7.5 m Weathered red shales . 
(Top) 
Ilol Section 
A l i thostrat igraphic section was measured in a quarry 
near Ilol town. The measured section is 10.5 m thick (Fig. IIC). 
0.0 - 7.5 m White coloured, medium grained^ compact to 
(Base) 
friable sandstones. Bedding types include wavy, 
r ipp le , flaser, graded bedding and large-scale 
planar cross-bedding. Cross-bedding sets are 
6-25 cm thick. Inclination of cross-beds ranges 
from 2° to 12°. 
7.5 -10.5 m Weathered red shales . 
(Top) 
Piplia Section 
A l i thostrat igraphic section was measured in a quarry 
near Piplia vi l lage. The measured section is 5.5 m thick (Fig. 
12A). 
0.0 - 3.5 m Medium to coarse-grained, purple-whi te , compact, 
(Base) 
cross-bedded sandstones with scattered pebbles 
of maximum size of 3 cm. Large-scale planar 
and trough cross-bedding is well developed. 
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Cross-bedding sets are 3-10 cm th ick . Inclination 
of cross beds ranges from 2° to 10°. 
3.5 - 5.5 m Weathered red shales . 
(Top) 
Rupal Section 
A l i thostrat igraphic section was measured in a small hillock 
near Rupal vi l lage. The measured section is 6 m thick (Fig. 
12B). 
0.0 - 6.0 m Medium-to coarse-grained, light p u r p l e , compact, 
sandstones with scattered pebbles of 3.5 cm 
maximum size. Bedding types include ripple 
laminations, wavy bedding, large-scale planar 
and trough cross-bedding. Cross-bedding sets 
are 6-16 cm th ick . Inclination of cross-beds 
ranges from 8° to 12°. 
Bhavopur Section 
A l i thostrat igraphic section was measured in a small hillock 
near Bhavopur vi l lage. The measured section is 6.5 m thick 
(Fig . 12C). 
0.0 - 6.5 m Light purple, coarse-grained sandstones. Pebbles 
are scattered and their maximum size is 2,5 
cm. Wavy and lenticular bedding, large-scale 
planar and trough cross-bedding are common. 
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FATEHPUR SECTOR 
Chalor Section 
Friable sandstones of Cretaceous age are exposed in a r iver 
sectioh near Chalor village, 2 km NE of Fatehpur. The sandstones, 
resting on Precambrian phy l l i t e s , have been classified as Lameta 
sandstone. The section measured near Chalor village is 5.5 m 
thick and comprises 2.5 m thick sandstones overlain by 3 m thick 
shales . The measured section shows the following sequence (Fig. 
13A). 
0.0 - 2.5 m Medium-grained, light purple, large-scale cross-
(Base) 
bedded, friable sandstones with scattered quartz 
grains of granule size (3 mm). Cross-bedding is 
mainly planar type in the lower part (Plate 
IE) . The sets of planar cross-bedding are 
40 to 60 cm thick. Dip of foresets varies 
from 10° to 40°. Higher up, large-scale trough 
cross-bedding also occurs along with planar 
cross-bedding. The sets of trough cross-bedding 
k 
are 80 cm - 1 m thick (Plate IF) . The width 
of troughs ranges from 6 m - 9 m. 
2 . 5 - 5 m Weathered red sha les . 
(Top) 
Valundi Section 
A l i thostrat igraphic section was measured in the r iver near 
Valundi village, about 2 km downstream of Chalor. The measured 
section is 9.5 m thick and consists of 6.5 m thick sandstones 
overlain by 3 m thick shales (Fig. 13B). 
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0.0 - 6.5 m Medium gra ined , whi te to p u r p l e co loured , f r i ab le 
(Base) 
c r o s s - b e d d e d sands tones showing wavy bedding 
and large sca le p lanar and t rough c r o s s - b e d d i n g . 
6.5 - 9.5 m Weathered red s h a l e s , 
(Top) 
PAVAGARH SECTOR 
Vankaria Section 
Cretaceous sands tone , des igna ted Nimar sands tone is exposed 
in pa t ches about 4 km sou th -eas t of Pavagarh h i l l around Vankaria , 
Gambhirpur and Navakua v i l l a g e s . The p a r t sec t ions s tud ied around 
the v i l l ages have been in tegra ted to r e p r e s e n t a genera l i zed l i t h o s t r a -
t i g r a p h i c sect ion in the Pavagarh a r e a . This genera l i sed section 
is 13 m th i ck and compr i ses the following uni ts (F ig . 13C). 
0.0 - 1.0 m Conglomerate consis t ing of p e b b l e s with sandy 
(Base) 
mat r ix (Plate l l A ) . The p e b b l e s a re mostly 
vein q u a r t z . They a r e subrounded and range 
in s ize from 5 to 8 mm. The mat r ix consis ts 
of coarse grained s a n d s t o n e s . At p l a c e s , the 
conglomerates show p lanar c ro s s bedding and 
graded bedd ing . 
1.0 - 3.0 m White, medium to fine g ra ined , f r i a b l e sands tone , -
showing large sca le wavy bedding and graded 
bedding (Plate I I B ) . Medium sand l aye r s are 
i n t e r b e r d d e d with f iner sand l a y e r s . Many 
beds a p p e a r mass ive and devoid of bedd ing . 
PLATE II 
A 
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PLATE - II 
Field and hand specimen photographs showing lithologic 
and sedimentary characters of the Cretaceous sandstones, 
NE Guj arat. 
A. Basal conglomerate at Vankaria village, Pavagarh Sector. 
B. Graded bedding in the middle part of the Vankaria 
section, Pavagarh Sector. 
C. Disrupted and flaser bedding, upper part of the Vankaria 
section, Pavagarh Sector. 
D. Mud drapes on a cross-1aminated unit, upper part of 
the Vankaria section, Pavagarh Sector. 
E. Reactivation surfaces with mud drapes, upper part 
of the Vankaria section, Pavagarh Sector. 
F. Large-scale planar cross-bedding showing 1 itho 1ogica11y 
hetrogenous foresets and penecontempraneous deformation, 
upper part of the Vankaria section, Pavagarh Sector. 
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3.0 - 5.5 m White, purple , fine sandstone. Coarser layers 
3-4 cm thick, alternate with finer layers . 
The bedding types include wavy, disrupted, 
lenticular and flaser bedding (Plate IIC). Purple 
colour mud flasers stand out in the back ground 
of light coloured sandstones. Mud drapes and 
reactivation surfaces are common (Plate IID.E), 
The large-scale planar cross-bedded sets comprise 
lithologically heterogeneous foresets and show 
penecontemporaneous deformation (Plate IIF). 
5,5 - 13.0 m Red shales, 
(Top) 
CHAPTER II 
SANDSTONE TEXTURE 
INTRODUCTION 
The t e x t u r a l s tudy of the Cretaceous sandstones included 
eva lua t ion of t h e i r grain s ize and roundness c h a r a c t e r i s t i c s with 
a view to unders tanding the hydrodynamic cond i t ions , p r o c e s s e s , 
and environments of depos i t ion . The p e t r o g r a p h i c data was a lso 
employed for unders tanding the d iagene t ic h i s t o r y of the r o c k s . 
The s tudy of grain s i ze c h a r a c t e r i s t i c s of a sediment 
and t h e i r genetic i n t e rp r e t a t i on have p roved to be an in te res t ing 
and chal lenging task over the y e a r s . A la rge number of worke r s 
have s tud ied t h i s aspec t and produced voluminous l i t e r a t u r e . 
Reviews of grain s ize pa ramete r s and t h e i r r e l a t i o n s h i p with d e p o s i -
t ional p roces se s have been pub l i shed by Folk (1966), Visher (1969) 
and Fr iedman (1979) . An ea r l y impor tant s tudy by Doeglas (1946) 
demonst ra ted tha t grain s ize d i s t r i b u t i o n s a re mixture of two or 
more popula t ions produced by vary ing t r n a s p o r t condi t ions . He 
d e s c r i b e d curves of different s h a p e s and r e l a t e d them to spec i f ic 
sed imenta ry env i ronments . 
Inman (1949) used the knowledge of f luvial mechanics 
to analyze the modes of t r a n s p o r t of sed imenta ry p a r t i c l e s . He 
recognized t h r e e fundamental modes of t r a n s p o r t including surface 
c r e e p , s a l t a t i o n , and suspens ion . 
Sindowski (1958) s tud ied s h a p e s of grain s ize d i s t r i b u t i o n 
curves from known depos i t iona l environments and p rov ided a bas i s 
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for environmental identification of many types of sands from their 
textures . 
Moss (1962, 1963) studied the relationship of grain size 
distribution to depositional processes. He employed shape and 
size of grains to distinguish subpopulations produced by three 
fundamental npdes of sediment transport and found that these three 
populations could be intermixed in the same sample. His data 
i l lustrated the subdivision of three subpopulations, and showed 
that the position of truncation, sorting, and mean size of these 
populations were different in different samples. 
Visher (1969) and his coworkers (Visher and Howard, 
1974, Freeman and Visher, 1975, Sagoe and Visher, 1977) demonstrated 
that each cumulative curve, comprises a number of straight-l ine 
segments of different slopes separated by sharp ' b r e a k s ' . The 
straight- l ine segments were interpreted as to represent truncated 
log-Gaussian subpopulations. In the case of undirectional flows, 
the three subpopulations recognized were associated with bedload 
'surface creep ' (coarsest subpopulation), saltation (intermediate), 
and suspension (finest) . The nature of the s t ra ight- l ine segments 
and ' b r e a k s ' were accordingly related to the importance of the 
three transport mechanisms operating during deposition presumed 
distinctive in different depositional environments. The Visher 's 
technique was employed in the recognition of ancient depositional 
environments by several workers (Holmes and Oliver, 1973, Glaister 
and Nelson, 1974, Amaral and Pryor, 1977, Moshrif, 1980). 
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The marked d i s c o n t i n u i t i e s of gra in s i ze frequency data , 
p a r t i c u l a r l y when conver ted to gra in s ize cumulat ive data p lot ted 
on l o g - p r o b a b i l i t y p a p e r , have been i n t e r p r e t e d by another group 
of worke r s as r e su l t ing from the mixing of two or more, over lapp ing 
normal popula t ions (Tanner , 1958, F u l l e r , 1961). 
Roundness of g ra ins is a function of d i s t ance of t r a n s p o r t , 
t r a n s p o r t i n g agent and environment of d e p o s i t i o n . Ea r l i e r methods 
of roundness es t imat ion r e q u i r i n g measurements in t h r e e dimensions 
p roved diff icul t and time consuming. Russell and Taylor (1937) 
and Krumbein (1940) adopted an ea s i e r and r a p i d method of employ-
ing two dimensional images of p a r t i c l e s to measure roundness . 
This method has stood t h e t e s t of t i m e . However, modifications 
have taken p lace in the number of roundness c l a s s e s and t h e i r 
l imit ing v a l u e s . The f ive roundness c l a s s e s o r ig ina l ly proposed 
by Russell and Taylor (1937) d id not have t h e i r c l a s s l imi t s sys tema-
t i c a l l y chosen and the a r i t h m a t i c means of t h e c l a s s i n t e rva l s 
were used as mid p o i n t s . Krumbein ' s (1940) nine roundness values 
were too close toge ther to be of p r a c t i c a l v a l u e . Pet t i john (1949) 
and Powers (1953) modified the roundness sca le by using a geometric 
sca le and p resen ted f ive and s ix roundness c l a s se s r e s p e c t i v e l y . 
METHODS OF STUDY AND DATA PRESENTATION 
Thin sec t ions were used in t h i s s tudy for grain size 
a n a l y s i s and es t imat ion of roundness . Thin sec t ions showing the 
leas t modification of t e x t u r e by d iagenet ic and compaction effects 
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Grain size measurements were carried out with the help of 
a micrometer eye piece. Chayes (1949) point counting technique 
was employed and in each thin section a minimum of 300 grains 
were measured. The size data was grouped into half-phi class 
intervals (Table 2) . 
Cumulative frequency curves of grain size data were 
plotted on log probabil i ty paper . The grain diameter in phi 
units represented by 45, d)16, 425, 450, 475, 484, and 495 percentiles 
were read from the size frequency curves . These values were 
then corverted to their sieve equivalents with the help of Friedman's 
(1958) graph (Table 3) . 
The stat is t ical parameters of grain size were calculated 
according to formulae given by Folk (1968, 1980) and included 
graphic mean (M ), inclusive graphic standard deviation (o,), 
inclusive graphic skewness (SK ) and graphic kurtosis (K„) (Table 
4) . 
The grain size distr ibution was also studied by Visher 's 
(1969) method of recognizing the various subpopulations (surface 
creep, saltation, suspension) represented by s traight- l ine segments 
on the log probabil i ty curve of grain size distr ibut ion. Percentages 
of each subpopulation were determined from the curve. Sorting 
of each subpopulation was evaluated on the basis of slope of the 
straight line segment representing the subpopulation. The following 
arbi t rary angular limits of steepness of the curve suggested by 
Table 2: Grain s ize frequency percentages (number pe rcen t ) of Cretaceous sands tones , NE Gujarat . 
(Data based on th in sect ion ana lys i s ) 
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Grain d iamete r in ph i uni ts 
Sample 
No. 
-1.00 
-0.50 0.0 0.50 1.00 1.50 2.00 2.50 3.00 3 . 5 0 4.00 4.50 
16 
18 
25 
27 
29 
34 
42 
62 
63 
64 
65 
66 
57 
70 
7 ] 
79 
80 
82 
84 
86 
94 
95 
96 
98 
99 
100 
102 
103 
122 
125 
128 
129 
I JO 
197 
199 
201 
202 
-
4 . 3 4 
-
0 . 4 0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0 . 5 2 
-
-
-
-
-
-
-
-
-
-
-
0 . 6 0 
0 . 4 3 
-
-
-
-
-
2 . 5 6 
2 . 8 9 
-
1 . 6 1 
0 . 4 2 
0 . 4 2 
-
-
-
0 . 9 7 
0 . 3 4 
-
0 . 4 3 
-
-
-
-
-
0 . 5 2 
-
-
-
-
-
-
-
-
-
-
-
0 . 6 0 
0 . 4 3 
-
-
-
2 . 7 7 
-
6 . 6 6 
1 4 . 4 9 
4 . 5 4 
2 . 0 2 
1 . 2 1 
3 . 2 4 
0 . 5 0 
-
0 . 9 0 
2 . 4 3 
0 . 7 9 
-
0 . 8 7 
3 . 3 1 
-
0 . 7 3 
0 . 5 8 
-
1.57 
1 .89 
1 .35 
1 .43 
1 .64 
-
4 . 9 2 
-
2 . 7 0 
0 . 8 4 
0 . 5 2 
-
-
2 . 18 
-
0 .87 
1.55 
9 . 7 2 
_ 
2 4 . 6 1 
1 5 . 9 4 
8 . 6 3 
1 0 . 5 2 
2 . 6 7 
2 8 . 2 4 
8 . 5 0 
-
1 0 . 0 0 
9 . 7 5 
8 . 7 3 
-
8 . 7 3 
5 . 3 9 
4 . 7 7 
1 1 . 0 2 
2 . 3 2 
3 . 0 4 
7 . 8 9 
1 5 . 6 3 
6 . 7 6 
1 0 . 5 2 
1 1 . 5 3 
4 . 8 4 
1 0 . 4 3 
-
5 . 4 0 
•-,.93 
-
1 . 9 1 
2 . 4 0 
9 . 1 7 
1 . 4 8 
1 . 7 4 
7 . 3 6 
1 2 . 5 0 
5 . 4 1 
N A S W A D I S E C T O R 
1 9 . 4 8 
1 4 . 4 9 
1 7 . 7 2 
6 . 8 8 
7 . 2 3 
2 4 . 5 3 
1 8 . 0 0 
1 . 8 0 
1 5 . 4 5 
1 6 . 5 8 
1 0 . 7 1 
0 . 4 5 
1 1 . 3 5 
5 . 8 0 
1 . 5 5 
2 7 . 9 2 
1 5 . 1 1 
1 5 . 2 4 
1 6 . 3 1 
2 6 . 5 4 
2 3 . 6 4 
2 2 . 9 6 
2 1 . 9 7 
1 0 . 9 8 
2 3 . 0 7 
0 . 4 2 
2 8 . 1 0 
1 6 . 1 4 
-
-
9 . 0 3 
1 5 . 2 8 
6 . 6 6 
5 . 2 4 
8 . 9 1 
9 . 7 2 
1 1 . 6 6 
1 4 . 3 5 
2 6 . 5 7 
3 0 . 0 0 
2 1 . 4 5 
1 2 . 3 4 
1 8 . 4 8 
3 5 . 5 0 
8 . 1 0 
2 7 . 2 7 
3 0 . 7 3 
2 7 . 3 8 
1 . 8 0 
2 7 . 9 4 
2 5 . 3 1 
1 7 . 6 4 
3 3 . 8 2 
4 0 . 6 9 
4 6 . 3 4 
3 8 . 9 4 
3 5 . 5 4 
4 5 . 2 7 
3 6 . 3 6 
3 4 . 6 1 
1 5 . 3 8 
2 8 . 0 2 
5 . 9 3 
3 7 . 2 9 
3 8 . 5 6 
1 . 5 6 
5 . 0 7 
3 0 . 1 0 
31.no 
4 7 . 4 0 
3 2 . 7 5 
2 7 . 1 3 
3 0 . 0 9 
2 6 . 6 6 
1 1 . 7 9 
1 2 . 5 6 
2 0 . 0 0 
2 1 . 8 6 
8 . 9 3 
1 6 . 2 0 
1 1 . 0 0 
7 . 2 0 
1 9 . 0 0 
1 9 . 0 2 
1 3 . 8 8 
8 . 5 5 
2 0 . 9 6 
1 7 . 4 2 
2 2 . 4 2 
1 6 . 1 7 
3 1 . 3 9 
1 6 . 4 6 
1 4 . 2 1 
1 4 . 6 9 
1 5 . 2 4 
1 3 . 3 9 
1 6 . 4 8 
2 2 . 5 2 
1 4 . 2 8 
3 0 . 5 0 
1 5 . 6 1 
2 4 . 2 1 
1 0 . 3 9 
1 9 . 1 0 
2 6 . 5 0 
1 9 . 6 5 
2 2 . 9 6 
3 1 . 4 4 
2 2 . 4 8 
2 1 . 2 9 
3 2 . 0 8 
1 1 . 7 9 
5 . 7 9 
1 2 . 2 7 
2 4 . 2 9 
1 5 . 7 4 
6 . 9 4 
1 5 . 5 0 
2 1 . 1 7 
2 1 . 8 1 
1 3 . 1 7 
2 0 . 2 3 
3 9 . 6 3 
2 4 . 8 9 
1 6 . 1 8 
1 9 . 4 8 
8 . 0 8 
5 . 2 3 
1 5 . 2 4 
1 3 . 1 5 
3 . 7 9 
6 . 7 5 
1 0 . 5 2 
1 3 . 1 8 
4 1 . 2 0 
1 8 . 6 8 
5U .0 
9 . 1 8 
1 1 . 2 1 
6 . 4 1 
6 1 . 7 8 
1 2 . 0 4 
1 2 . 6 6 
1 5 . 5 5 
2 2 . 2 7 
1 9 . 7 6 
1 2 . 0 3 
2 0 . 0 0 
4 . 6 1 
2 . 8 9 
3 . 6 3 
8 . 0 9 
1 1 . 4 8 
0 . 9 2 
7 . 0 0 
2 4 . 7 7 
5 . 4 5 
4 . 3 9 
1 3 . 4 9 
1 8 . 9 1 
3 . 4 9 
1 3 . 6 9 
1 2 . 5 0 
-
5 . 6 5 
1 .82 
4 . 7 3 
1 . 8 9 
0 . 6 7 
2 . 8 7 
0 . 5 4 
4 . 9 4 
0 . 5 4 
1 2 . 7 1 
1 .62 
1 .34 
2 2 . 9 1 
1 0 . 8 2 
9 - 6 3 
5 . ; ' 4 
2 . 2 2 
5 . 2 4 • 
8 . 9 1 
1 .05 
4 . 1 6 
4 . 1 0 
-
2 . 7 2 
2 . 8 3 
1 5 . 3 1 
0 . 4 6 
4 . 0 0 
2 4 . 7 7 
-
2 . 9 2 
3 . 1 7 
1 9 . 8 1 
1 . 3 1 
1 0 . 7 8 
8 . 8 2 
1 .47 
-
1 .82 
2 . 1 0 
-
1 . 9 1 
-
0 . 5 4 
-
0 . 4 2 
-
2 . 6 9 
3 . 6 4 
7 . 2 7 
9 . 0 3 
3 . 4 1 
3 . 7 0 
0 . 4 3 
3 . 8 7 
-
-
-
-
0 . 4 5 
-
1 2 . 7 6 
-
-
6 . 3 0 
-
-
1 .19 
5 . 4 0 
-
2 . 0 7 
2.20 
0 . 7 3 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
10.63 
5.4 
4.5 
2.57 
0.85 
0 . 4 5 
0.40 
HIMATNAGAR SECTOR 
17 
47 
53 
61 
76 
79 
89 
97 
99 
101 
103 
0.40 
0.90 3.50 
0.40 
4.90 
0 .90 1 0 . 7 0 
-
1 . 3 0 
0 . 9 0 
1 3 . 4 0 
-
-
1 . 3 0 
3 . 9 0 
1 2 , 8 0 
-
1 6 . 0 
2 . 4 0 
4 . 6 0 
1 1 . 4 0 
1 9 . 9 0 
1 . 4 0 
-
2 . 3 0 
9 . 7 0 
1 6 . 1 0 
1 . 9 0 
3 4 . 9 0 
1 4 . 1 0 
1 4 . 3 0 
2 8 . 6 0 
2 3 . 9 0 
1 0 . 8 0 
3 . 0 0 
7 . 4 0 
2 8 . 7 0 
20.10 
1 0 . 3 0 
2 2 . 3 0 
4 3 . 4 0 
3 3 . 3 0 
4 2 . 4 0 
2 3 . 3 0 
2 3 . 9 0 
2 1 . 3 0 
3 2 . 0 0 
3 4 . 7 0 
3 0 . 9 0 
3 2 . 9 0 
1 2 . 1 0 
2 3 . 4 0 
2 7 . 3 0 
1 3 . 3 0 
9 . 9 0 
1 9 . 7 0 
2 0 . 4 0 
3 3 . 5 0 
1 4 . 6 0 
9 . 5 0 
2 4 . 4 0 
2 . 9 0 
1 2 . 7 0 
1 0 . 1 0 
2 . 9 0 
2 . 9 0 
2 3 . 0 0 
2 9 . 6 0 
1 9 . 6 0 
6 . 3 0 
4 . 6 0 
1 5 . 0 0 
_ 
2 . 4 0 
8 . 3 0 
-
0 . 5 0 
1 2 . 7 0 
1 8 . 2 0 
3 . 7 0 
J . 9 0 
0 . 4 0 
1 0 . 3 0 
_ 
0 . 9 0 
-
-
0 . 5 0 
5 . 6 0 
6 . 9 0 
-
-
-
3 . 2 0 
_ 
2 . 8 0 
1.90 
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Table 2 (Contd.) 
265 
256 
267 
2T> 
Zib 
297 
298 
299 
300 
301 
302 
373 
377 
379 
380 
383 
-
-
-
0 . 5 3 
-
2 . 8 9 
-
0 . 5 7 
0 . 3 8 
-
-
2 . 5 0 
-
-
-
-
-
-
-
2 . 1 5 
0 . 8 1 
7 . 2 4 
0 . 6 9 
-
4 . 2 4 
1 .60 
1 . 6 1 
7 . 5 0 
-
-
-
-
-
-
-
2 . 6 8 
4 . 0 6 
5 . 0 7 
2 . 0 8 
0 . 5 7 
6 . 5 6 
6 . 9 5 
7 . 8 2 
2 0 . 8 3 
-
-
-
0 . 4 9 
-
-
-
1 4 . 5 1 
1 0 . 5 6 
1 0 . 8 6 
7 . 6 3 
1 3 . 7 9 
1 1 . 5 8 
1 0 . 1 6 
1 4 . 5 2 
2 8 . 3 3 
0 . 6 8 
-
-
6 . 4 8 
-
-
-
1 3 . 9 7 
1 6 . 2 5 
7 . 9 7 
1 9 . 4 4 
1 7 . 8 1 
1 4 . 2 8 
1 3 . 9 0 
2 5 . 5 7 
1 3 . 3 3 
2 , 7 5 
-
0 . 4 9 
2 1 . 8 9 
-
-
-
2 0 . 3 4 
3 0 . 0 8 
2 9 . 7 1 
3 6 . 8 0 
2 9 . 3 1 
1 8 . 1 4 
2 7 . 8 0 
2 1 . 7 8 
1 0 . 0 0 
2 7 . 5 8 
9 . 2 4 
1 8 . 3 1 
3 8 . 8 
-
-
-
1 2 . 9 0 
1 8 . 6 9 
1 8 . 8 4 
1 5 . 9 7 
1 6 . 6 1 
2 0 . 8 4 
1 5 . 0 4 
1 2 . 8 4 
1 0 . 0 0 
4 4 . 1 3 
4 6 . 8 2 
4 8 . 0 1 
2 2 . 8 8 
1 6 . 8 1 
1 2 . 1 8 
1 7 . 5 8 
2 0 . 9 6 
1 6 . 2 6 
1 1 . 5 9 
1 3 . 1 9 
1 4 . 3 6 
1 8 . 1 4 
1 8 . 7 1 
1 1 . 7 3 
5 . 0 0 
2 1 . 3 7 
3 8 . 7 2 
3 1 . 1 8 
8 . 4 5 
5 0 . 4 4 
5 2 . 7 9 
5 7 . 7 8 
5 . 9 1 
2 . 4 3 
4 . 3 4 
3 . 4 7 
4 . 5 9 
5 . 7 9 
3 . 2 0 
2 . 7 9 
1 .60 
3 . 4 4 
4 . 5 2 
1 .98 
0 . 9 9 
3 0 . 9 7 
3 3 . 5 0 
2 4 . 1 2 
-
0 . 8 1 
1 .44 
0 . 5 9 
2 . 2 9 
-
1 . 5 0 
1 . 1 . 
0 . 8 3 
-
0 . 5 7 
-
-
1 .76 
1 .52 
0 . 5 0 
-
-
-
-
-
-
-
-
-
-
-
-
-
FATEHPUH SECTOR 
2 -
3 - 0 .47 
5 -
228 
229 
230 0 . 5 1 
231 
233 
234 - 0 . 4 8 
235 
236 - 0 . 4 6 
0 . 3 7 
2 . 3 8 
-
-
-
-
1.40 
-
1.44 
-
_ 
1 .48 
5 . 1 9 
-
4 . 0 0 
6 . 9 9 
4 . 9 0 
5 . 1 4 
1 . 8 8 
5 . 2 8 
3 . 1 6 
0 . 9 2 
9 . 2 9 
7 . 5 1 
2 . 6 0 
1 1 . 2 0 
1 8 . 1 8 
9 . 8 0 
6 . 5 4 
7 . 6 5 
8 . 6 5 
7 . 6 9 
6 . 9 1 
2 8 . 2 5 
2 7 . 1 4 
2 1 . 7 3 
3 2 . 0 0 
4 5 . 1 5 
3 4 . 9 6 
3 6 . 9 1 
3 3 . 7 8 
1 3 . 9 4 
3 8 . 0 0 
3 8 . 7 0 
3 3 . 8 2 
2 0 . 0 0 
4 0 . 4 3 
2 4 . 8 0 
2 2 . 3 7 
2 2 . 6 9 
2 5 . 2 3 
•52 .43 
2 1 . 1 5 
2 6 . 2 4 
2 9 . 4 9 
2 0 . 0 7 
1 5 . 1 9 
2 5 . 0 8 
20.00 
4 . 8 9 
2 0 . 2 4 
1 7 . 7 5 
1 9 . 3 6 
3 6 . 5 3 
1 9 . 9 0 
1 5 . 6 6 
3 . 7 1 
7 . 1 4 
7 . 3 9 
5 . 6 0 
1 .39 
6 . 7 4 
5 . 6 0 
4 . 5 0 
9 . 5 1 
3 . 6 1 
6 . 0 7 
2 . 6 0 
9 . 0 4 
1 .33 
2 . 4 0 
-
-
1 .90 
0 . 4 5 
2 . 8 8 
1 .35 
1 . 4 0 
0 . 3 7 
3 . 3 3 
0 . 4 3 
-
-
-
-
-
-
-
0 . 4 6 
PAVAGARH SECTOR 
11 
12 
n 
14 
15 
16A 
17A 
-
-
n . 4 0 
-
-
6 . 8 4 
5 . 2 3 
0 . 4 9 
0 . 3 4 
-
-
-
2 . 0 5 
3 . 3 3 
3 . 4 3 
1 .36 
1 .61 
-
-
2 . 7 3 
6 . 6 5 
6 . 3 6 
7 . 1 6 
2 . 8 3 
-
-
5 . 4 7 
7 . 6 1 
3 . 4 3 
8 . 1 9 
6 . 4 7 
0 . 4 3 
0 . 4 2 
1 3 . 5 9 
9 . 0 4 
1 1 , 2 7 
1 1 . 2 5 
1 8 . 2 1 
0 . 4 3 
3 . 0 0 
2 6 . 0 2 
2 1 , 9 0 
1 2 , 7 4 
1 3 , 3 1 
1 9 . 8 3 
0 . 8 5 
5 . 5 7 
2 3 . 4 9 
1 9 . 5 2 
3 2 . 8 4 
1 9 . 7 9 
2 7 . 5 3 
1 3 . 8 5 
1 4 . 5 9 
1 5 . 0 6 
1 7 . 5 1 
1 4 . 2 1 
1 4 . 3 3 
8 . 5 0 
1 2 . 5 5 
2 3 , 1 7 
2 . 7 3 
8 , 0 9 
1 4 . 2 1 
1 2 . 2 8 
7 . 1,9 
4 5 . 4 5 
3 4 . 3 3 
1 . 3 6 
0 . 9 5 
0 . 4 9 
5 . 1 1 
1 . 04 
1 3 . 8 5 
9 . 0 1 
-
-
0 . 4 9 
5 . 1 1 
,' H f 
1 0 . 8 2 
7 . 2 9 
-
~ 
-
1.70 
1.73 
2 . 5 7 
-
-
Table 3 : Sta t is t ica l pa rame te r s of grain s ize (pe rcen t i l e s ) of Cretaceous sands tones , NE Gujarat . 51 
4 5 4 16 6 25 i 50 • 75 4 84 495 
Sam-
p l e 
No. 
Thin 
sec -
tion 
Sieve 
equa-
lent 
Thin 
s ec -
tion 
Sieve 
equa-
lent 
Thin 
s e c -
tion 
Sieve 
equa-
lent 
Thin 
s e c -
tion 
Sieve 
equa-
lent 
Thin 
s ec -
tion 
Sieve 
equa-
lent 
Thin 
s ec -
tion 
Sieve 
equa-
lent 
Thin 
sec -
tion 
Sieve 
equa-
lent 
NASWADI SECTOR 
16 
18 
25 
27 
29 
34 
42 
62 
63 
64 
65 
66 
67 
70 
71 
79 
80 
82 
84 
86 
94 
95 
96 
98 
99 
100 
102 
103 
122 
125 
128 
129 
130 
197 
199 
201 
202 
- 0 . 3 5 
- 0 . 8 5 
0 . 0 0 
0 .05 
0 . 5 0 
0 .00 
0 .25 
1.20 
0 .25 
0 .15 
0 .20 
1.75 
0 . 3 5 
0 .20 
0 .50 
0 .20 
0 .60 
0 . 6 0 
0 .10 
0 .10 
0 . 3 5 
0 .20 
0 .15 
0 .55 
0 .00 
1.40 
0 .35 
0 . 4 0 
1.65 
0 .85 
n.'iO 
0.10 
0 .85 
0 .75 
0 . 2 5 
- 0 . 4 0 
0 .40 
0 .15 
0 .40 
0 .40 
0 .45 
0 .85 
0 .40 
0 .60 
1.45 
0 .60 
0 . 5 5 
0 .60 
1.95 
0 .70 
0 .60 
0 .85 
0 .60 
0 .95 
0 . 9 5 
0 .50 
0 .50 
0 . 7 0 
0 .60 
0 .55 
0 .90 
0 .40 
1.65 
0 .70 
0 .75 
1.90 
1.15 
0 . (IS 
0 .50 
1.15 
1.10 
0 .60 
0 .05 
0 .75 
0 .15 
- 0 . 2 0 
0 . 6 5 
0 . 5 5 
1.20 
0 .20 
0 .75 
1.95 
0 .65 
0 .60 
0 .75 
2 .10 
1.00 
1.00 
1.10 
0 .60 
0 .95 
0 .95 
0 .65 
0 . 4 5 
0 . 7 0 
0 .65 
0 .60 
1.05 
0 .50 
1.70 
0 .65 
0 .85 
2 .05 
1.75 
i . O S 
0.70 
1.05 
1.15 
0 .95 
0 .15 
0 .95 
0 . 5 5 
0 .20 
1.00 
0 .90 
1.45 
0 .60 
1.10 
2 . 1 5 
1.00 
0 .95 
1,10 
2 .25 
1.30 
1.30 
1.40 
0 . 9 5 
1.25 
1.20 
1.00 
0 .80 
1.05 
1.00 
0 .95 
1.35 
0 .85 
1.95 
1.00 
1.95 
2 . 2 0 
1.95 
i . y< 
1.05 
1.35 
1.45 
1.25 
0 .55 
1 .25 ' 
0 . 3 0 
0 . 0 5 
0 . 9 0 
1.10 
1.60 
0 . 3 5 
1.00 
2 . 2 0 
1.00 
0 .90 
1.00 
2 . 2 0 
1.20 
1.20 
1.35 
0 . 7 5 
1.20 
1.05 
0 . 9 5 
0 . 6 5 
0 . 9 0 
0 .80 
0 .80 
1.35 
0 . 7 0 
1.85 
0 .80 
1.05 
2 . 1 5 
2 . 0 0 
1.2') 
0 . 9 5 
1.10 
1.25 
1.10 
0 . 5 0 
1.20 
0 . 6 5 
0 .45 
1.20 
1.40 
1.85 
0 .70 
1.30 
2 .40 
1.30 
1.20 
1.30 
2 .40 
1.45 
1.45 
1.60 
1.20 
1.45 
1.30 
1.25 
1.00 
1.20 
1.10 
1.10 
1.60 
1.05 
2 . 0 5 
1.10 
1.35 
2 .30 
2 . 1 5 
1 ."iO 
1.25 
1.40 
1.50 
1.40 
0 .85 
1.45 
0 . 9 5 
0 .95 
1.40 
1.70 
2 .50 
0 .85 
1.30 
2 .80 
1.40 
1.34 
1.55 
2 .50 
1.75 
1.85 
1.90 
1.20 
1.40 
1.25 
1.25 
1.00 
1.20 
1.25 
1.25 
1.90 
1.15 
2 . 2 0 
1.20 
1.40 
2 . 2 0 
2 . 2 0 
l.ftO 
1.35 
1.40 
1.65 
1.55 
1.25 
1.60 
1.25 
1.25 
1.65 
1.90 
2 . 6 5 
1.15 
1.55 
2 . 9 0 
1.65 
1.55 
1.75 
2 . 6 5 
1.95 
2 . 0 5 
2 . 1 0 
1.45 
1.65 
1.50 
1.50 
1.30 
1.45 
1.50 
1.50 
2 . 1 0 
1.45 
2 . 4 0 
1.45 
1.65 
2 .40 
2 . 4 0 
1.115 
1.60 
1.65 
1.90 
1.75 
1.50 
1.85 
1.80 
1.40 
1.90 
2 .20 
3 .50 
1.45 
2 .00 
3 . 2 5 
2 .00 
1.85 
2 . 3 0 
3 .10 
2 . 5 0 
2 . 5 5 
2 . 5 5 
1.50 
1.60 
1.80 
1.80 
1.35 
1.45 
1.60 
1.65 
2 . 1 0 
1.80 
2 . 3 5 
1.50 
1.75 
2 . 5 0 
2 . 3 5 
2 . 2 5 
1.90 
1.90 
2 . 0 5 
2 . 1 5 
2 . 1 6 
1.95 
2 . 0 0 
1.65 
2 - 1 0 
2 .40 
3 ,60 
1.70 
2 . 1 5 
3 .35 
2 .15 
2 . 0 5 
2 . 4 5 
3 .25 
2 . 6 5 
2 .70 
2 .70 
1.70 
1.85 
2 .00 
2 . 0 0 
1.60 
1.70 
1.85 
1.90 
2 . 2 5 
2 .00 
2 .50 
1.70 
1.95 
2 .65 
2 .50 
2.4(1 
2 .10 
2 . 1 0 
2 .20 
2 .30 
1.90 
2 .15 
2 . 1 5 
2 . 7 5 
2 . 1 0 
2 . 4 0 
3 .80 
1 . 7 5 . 
2 . 3 0 
3 .40 
2 . 2 0 
2 . 1 5 
2 . 5 5 
3 .35 
2 . 8 0 
2 . 9 0 
2 . 9 0 
1.80 
1.80 
2 . 0 5 
2 . 1 0 
2 . 6 5 
1.70 
1.95 
1.90 
2 . 2 5 
2 . 0 5 
2 . 4 5 
1.80 
1.95 
2 . 9 0 
2 . 4 5 
i . f . S 
2 . 2 0 
2 . 1 0 
2 . 2 5 
2 . 4 0 
1.95 
2 . 1 5 
2 . 3 0 
1.95 
2 . 2 5 
2 . 5 5 
3 .90 
1.95 
2 . 4 5 
3 .45 
2 . 4 0 
2 .30 
2 . 7 0 
3 .40 
2 . 4 0 
3 .00 
3 .00 
2 . 0 0 
2 . 0 0 
2 . 2 0 
2 . 2 5 
1.90 
1.95 
2 . 1 5 
2 . 1 0 
2 .40 
2 . 2 0 
2 . 6 0 
2 . 0 0 
2 . 1 5 
3 .00 
2 . 6 0 
2 III! 
2 .40 
2 .25 
2 .40 
2 . 5 5 
2 . 1 5 
2 .30 
2 . 9 5 
2 . 2 5 
2 . 7 5 
2 . 8 5 
4 . 2 5 
2 . 2 5 
2 . 9 5 
4 . 0 5 
2 . 5 0 
2 . ,5 
2 . 9 5 
4 . 0 0 
3 .35 
3 .35 
3 .50 
2 . 3 0 
2 . 5 0 
2 . 4 5 
2 . 6 5 
2 .10 
1.15 
2 . 5 0 
2 . 3 0 
2 .50 
2 . 3 5 
2 . 8 0 
2 . 3 0 
2 . 5 0 
2 . 9 5 
2 . 7 5 
3 Ml 
2 . 8 5 
2 . 7 5 
2 . 6 0 
2 . 9 5 
2 . 3 0 
2 . 4 5 
3 .05 
2 . 4 0 
2 . 8 5 
2 95 
4 . 2 5 
2 . 4 0 
3 .05 
4 .05 
2 . 6 5 
2 . 8 5 
3 . 0 5 
4 . 0 0 
3 .40 
3 .40 
3 .55 
2 . 4 5 
2 . 6 5 
2 . 6 0 
2 .80 
2 . 2 5 
2 . 3 0 
2 . 6 5 
2 . 4 5 
2 . 6 5 
2 .50 
2 . 9 0 
2 . 4 5 
2 . 6 5 
3 .05 
2 . 8 5 
3 ir 
2 . 9 5 
2 . 8 5 
2 . 7 5 
3 .05 
2 . 4 5 
2 .60 
HIMATNAGAR SECTOR 
17 
47 
53 
61 
76 
79 
89 
97 
99 
1.60 
1.40 
1.25 
0 .50 
1.75 
2 . 0 5 
2 . 1 5 
1.10 
0 . 5 0 
1.85 
1.70 
1.50 
0 .80 
2 .00 
2 . 2 5 
2 . 3 0 
1.40 
0 . 8 0 
2 .00 
1.90 
1.60 
0 .95 
2 .10 
2 .35 
2 .30 
1.55 
0 . 9 5 
2 . 1 5 
2 . 1 0 
1.85 
1.30 
2 . 2 5 
2 .50 
2 . 7 5 
1.80 
1.30 
2 . 1 5 
2 . 1 0 
1.80 
1.20 
2 . 3 0 
2 . 5 5 
2 . 7 5 
1.70 
1.25 
2 .30 
2 . 2 5 
2 . 0 0 
1.45 
2 . 4 5 
2 .70 
2 . 8 5 
1.95 
1.50 
2 . 3 5 
2 . 4 5 
2 . 0 5 
1.75 
2 . 8 5 
3 .05 
3 .10 
2 . 1 5 
1.90 
2 . 6 0 
2 . 6 0 
2 . 2 5 
2 . 0 0 
2 . 9 5 
3 .20 
3 .25 
2 .30 
2 . 1 0 
2 .80 
2 . 8 5 
2 . 3 5 
2 . 2 5 
3 .40 
3 .50 
3 .45 
3 . 4 5 
2 . 2 5 
2 .95 
2 . 9 5 
2 .50 
2 . 4 0 
3 .45 
3 .55 
3 .50 
2 . 6 0 
2 . 4 0 
3 .00 
3 .10 
2 . 5 0 
2 . 4 5 
3 .65 
3 .70 
3 .65 
2 .70 
2 . 4 5 
3 .10 
3 . 7 5 
2 . 6 5 
2 . 6 0 
3 .70 
3 .75 
3 .70 
2 .80 
2 . 6 0 
3 .45 
3 . 7 0 
2 . 9 5 
2 . 9 5 
4 . 3 0 
4 . 1 5 
3 .95 
3 .25 
3 .00 
3 .45 
3 . 7 5 
3 .05 
3 .05 
4 . 3 0 
4 . 2 0 
4 . 0 0 
3 .30 
3 .10 
52 
Table 3 (Contd.) 
101 
103 
105 
265 
266 
267 
295 
296 
297 
298 
299 
300 
301 
302 
373 
377 
379 
380 
383 
1.80 
0 .20 
1.60 
2 .25 
2 .30 
2 .20 
- 0 . 0 5 
0 .00 
- 0 . 4 0 
0 .20 
0 .15 
- 0 . 5 0 
- 0 . 2 5 
- 0 . 2 5 
- 0 . 8 0 
1.05 
1.30 
1.15 
0 .35 
2 .00 
0 .60 
1.85 
2 .40 
2 . 4 5 
2 .40 
0 . 3 5 
0 .40 
0 .05 
0 .60 
0 .55 
- 0 . 0 5 
0 .15 
0 . 1 5 
- 0 . 4 0 
1.35 
1.55 
1.45 
0 .70 
2 .15 
0 . 6 5 
2 . 1 0 
2 .50 
2 .60 
2 . 4 5 
0 .40 
0 .50 
0 .10 
0 .65 
0 . 5 5 
0 .20 
0 .35 
0 .25 
- 0 . 3 5 
1.20 
1.65 
1.50 
0 .75 
2.30 
0 .95 
2 .25 
2 . 6 5 
2 . 7 5 
2 .60 
0 . 7 5 
0 .85 
0 .50 
1.00 
0 .90 
0 .60 
0 ,70 
0 .60 
0 .05 
1.45 
1.90 
1.70 
1.05 
2 .25 
0 .95 
2 . 2 5 
2 . 5 5 
2 .70 
2 . 5 5 
0 .70 
0 .80 
0 .50 
0 .85 
0 .80 
0 .60 
0 .70 
0 .50 
- 0 . 1 0 
1.30 
1.75 
1.60 
0.90 
2 .40 
1.30 
2 . 4 0 
2 .70 
2 . 8 5 
2 .70 
1.05 
1.10 
0 .85 
1.15 
1.10 
0 .95 
1.05 
0 .85 
0 .30 
1.55 
1.95 
1.85 
1.20 
2 . 5 5 
1.30 
2 . 6 5 
2 .80 
2 .80 
2 .70 
1.30 
1.30 
1.30 
1.25 
1.25 
1.35 
1.25 
1.00 
0 . 3 5 
1.75 
2 . 0 0 
1.85 
1.25 
2 .70 
1.55 
2 . 8 0 
2 . 9 0 
2 . 9 0 
2 .80 
1.55 
1.55 
1.65 
1.50 
1.50 
1.60 
1.50 
1.30 
0 . 7 0 
1.95 
2 . 1 5 
2 . 0 5 
1.50 
3 .15 
1.75 
3 . 0 5 
3 . 0 5 
3 .05 
3 .00 
2 . 0 0 
1.80 
1.75 
1.75 
1.90 
2 . 0 0 
1.90 
1.65 
1.10 
2 , 0 0 
2 . 1 0 
2 . 0 0 
1.60 
3 .25 
2 . 0 0 
3 .20 
3 .20 
3 .20 
3 .15 
2 . 1 5 
2 . 0 0 
1.95 
1.95 
2 . 1 0 
2 . 1 5 
2 . 1 0 
1.90 
1.40 
2 . 1 5 
2 . 5 5 
2 . 1 5 
1.80 
3 .50 
2 . 0 0 
3 .20 
3 .20 
3 . 1 5 
3 .10 
2 . 2 5 
2 . 1 0 
2 . 0 0 
2 . 0 5 
2 . 1 5 
2 . 1 5 
2 . 1 5 
2 . 0 0 
1.60 
2 , 1 0 
2 . 2 0 
2 . 1 5 
1.80 
3 .55 
2 . 1 5 
3 .30 
3 .35 
3 .30 
3 .25 
2 . 4 0 
2 . 2 5 
2 . 1 5 
2 .20 
2 . 3 0 
2 . 3 0 
2 . 3 0 
2 . 1 5 
1.80 
2 . 1 5 
2 , 3 5 
2 , 2 0 
2.Z0 
4 . 0 5 
2 . 4 5 
3 .60 
3 .40 
3 .40 
3 .35 
2 .50 
2 . 4 5 
2 . 5 0 
2 . 4 5 
2 . 6 5 
2 . 5 5 
2 . 5 0 
2 . 4 5 
2 . 2 0 
2 . 4 5 
2 . 5 0 
2 . 3 0 
2.20 
4. 10 
2 .60 
3 .65 
3 .45 
3 .45 
3 .35 
2 .70 
2 .60 
2 .65 
2 .60 
2 .80 
2 .70 
2 . 6 5 
2 . 6 0 
2 , 4 5 
2 . 6 0 
2 .65 
2 .45 
2 .45 
FATEHPUR SECTOR 
2 
3 
5 
228 
229 
230 
231 
232 
234 
235 
236 
Jl 
12 
13 
14 
15 
16A 
17A 
0 .70 
0 ,20 
1.05 
0 .60 
0 .40 
0 .10 
0 .40 
0 .75 
0 .40 
0 .70 
0 .80 
0.1)0 
0 .15 
0 .50 
2 . 1 0 
1.70 
- 1 . 2 5 
- 1 . 0 0 
1.05 
0 .60 
1.35 
0 , 9 5 
0 . 7 5 
0 .30 
0 . 7 5 
1.10 
0 . 4 5 
1.05 
1.10 
U . 4 0 
0 .55 
0 .85 
2 . 2 5 
1.95 
- 0 . 7 5 
- 0 . 5 0 
1.10 
1.00 
1.30 
1.00 
0 .80 
1.00 
1.05 
1.10 
1.00 
1.05 
1.10 
1.1)5 
0 .90 
1.15 
2 .50 
2 . 2 5 
0 .40 
0 .05 
1.40 
1.30 
1.55 
1.30 
1.10 
1.30 
1.35 
1.40 
1.30 
1.35 
1.40 
1.35 
1.20 
1.45 
2 . 6 5 
2 . 4 0 
0 .75 
0 .45 
1.25 
1.25 
1.50 
1.10 
1.00 
1.15 
1.15 
1.25 
1.35 
1.15 
1.25 
1.50 
1.35 
1.40 
2 . 9 5 
2 . 5 5 
0 .80 
0 .60 
1.50 
1.50 
1.70 
1.40 
1.30 
1.45 
1.45 
1.50 
1,60 
1.45 
1.50 
l .TO 
1.65 
1.55 
1.55 
1.25 
1.50 
1.50 
1.60 
2 . 0 0 
1.50 
1.50 
PAVAGARH 
1. H) 
1.60 
1.65 
3 . 0 5 
2 . 7 0 
1.10 
0 .95 
2 . 2 0 
2 . 2 0 
2 . 0 0 
3 .20 
3 .10 
1.40 
1.40 
1.95 
1.90 
2 . 0 5 
1.75 
1.50 
1.70 
1.70 
1.85 
2 . 1 5 
1.70 
1.70 
SECTOR 
2 . 4 0 
2 . 4 0 
2 . 1 5 
3 . 3 5 
3 . 2 5 
1.65 
1.65 
2 . 0 0 
2 . 3 0 
2 . 1 0 
2 . 0 5 
1.55 
2 . 0 5 
2 . 0 0 
2 . 0 0 
2 .30 
2 . 0 0 
1.95 
2 . 6 ' . 
2 . 9 0 
2 . 4 5 
3 . 5 5 
3 . 3 5 
1.85 
2 . 0 0 -
2 . 1 5 
2 . 4 5 
2 . 2 5 
2 . 2 0 
1.75 
2 . 2 0 
2 . 1 5 
2 . 1 5 
2 . 4 5 
2 .15 
2 . 1 5 
2.110 
3 . 0 0 
2 . 6 0 
3 .60 
3 .40 
2 . 0 5 
2 . 1 5 
2 . 2 0 
2 . 7 5 
2 . 3 0 
2 . 2 5 
1.75 
2 . 2 5 
2 . 2 0 
2 . 2 0 
2 . 4 5 
2 . 2 0 
2 . 2 0 
2 . 9 0 
3 .30 
2 . 9 5 
3 .85 
3 .60 
2 . 0 5 
2 . 2 5 
2 . 4 0 
2 . 8 5 
2 . 4 5 
2 . 4 0 
1.95 
2 .40 
2 .40 
2 .40 
2 .60 
2.4U 
2 . 4 0 
t .00 
3 . 35 
3 . 0 5 
3 .90 
3 .65 
2 . 2 0 
2 . 4 0 
2 . 7 5 
3 .45 
2 .70 
2 . 7 5 
2 .10 
2 .60 
2 . 6 5 
2 .50 
2 .90 
2.5U 
2 . 7 5 
) . ( ' . 
4 . 1 5 
3 .75 
4 .30 
4 . 3 0 
2 . 4 5 
2 . 7 0 
2 .85 
3 .55 
2.T5 
2 .85 
2 25 
2 .75 
2 .80 
2 .65 
-1.00 
2 . ( . S 
2 .85 
S.411 
4 .15 
3 .80 
4 .30 
4 .30 
2 . 6 0 
2 . 8 5 
53 
T a b l e 4 : S t a t i s t i c a l p a r a m e t e r s of g r a i n s i z e d i s t r i b u t i o n of C r e t a c e o u s s a n d s t o n e s , NE Gujarat . 
Mz = g r a p h i c mean, d^ = i n c l u s i v e g r a p h i c s t a n d a r d d e v i a t i o n , SK = i n c l u s i v e g r a p h i c s k e w n 
K, g r a p h i c k u r t o s i s 
Sample Mz 
No. (*) 
Verba! c l a s s i f i c a t i o n 
of s o r t i n g 
SK. Verbal c l a s s i f i c a t i o n 
of s k e w n e s s 
KG V e r b a l c l a s s i f i c a t i o n 
of k u r t o s i s 
16 
18 
25 
27 
29 
34 
42 
62 
63 
64 
65 
66 
67 
70 
71 
79 
80 
82 
84 
86 
94 
95 
96 
98 
99 
100 
102 
103 
122 
125 
128 
129 
130 
197 
199 
201 
202 
1.36 
1.13 
1.63 
1.78 
2.66 
1.23 
1.70 
2.83 
1.68 
1.60 
1.85 
2.76 
2.05 
2.11 
2.16 
1.46 
1.63 
1.65 
1.58 
1.33 
1.48 
1.55 
1.51 
1.95 
1.50 
2.31 
1.48 
1.65 
2.53 
2.31 
2.U0 
1.68 
1.75 
1.91 
1.85 
1.40 
1.80 
0.36 
0.73 
0.68 
0.78 
1.12 
0.63 
0.70 
0.71 
0.66 
0.63 
0.44 
0.49 
0.80 
0.84 
0.80 
0.55 
0.43 
0.48 
0.65 
0.53 
0.46 
0.49 
0.56 
0.52 
0.64 
0.34 
0.51 
0.53 
0.37 
0.41 
0.73 
0.70 
0.47 
0.48 
0.69 
0.76 
0.54 
NASWADI SECTOR 
M o d e r a t e l y s o r t e d + 0 . 4 1 Strongly f ine s k e w e d 
M o d e r a t e l y s o r t e d - 0 . 0 3 Near S y m m e t r i c a l 
M o d e r a t e l y w e l l s o r t e d - 0 . 0 3 Near S y m m e t r i c a l 
M o d e r a t e l y s o r t e d - 0 . 1 8 Coarse S k e w e d 
P o o r l y s o r t e d - 0 . 0 1 Near S y m m e t r i c a l 
M o d e r a t e l y w e l l s o r t e d + 0 .21 Fine S k e w e d 
M o d e r a t e l y w e l l s o r t e d + 0 . 2 7 Fine S k e w e d 
M o d e r a t e l y w e l l s o r t e d - 0 . 11 Coarse Skewed 
M o d e r a t e l y w e l l s o r t e d + 0 . 0 2 Near Symmetr i ca l 
M o d e r a t e l y w e l l s o r t e d + 0 . 1 1 Fine Skewed 
Well s o r t e d 
Well s o r t e d 
M o d e r a t e l y s o r t e d 
M o d e r a t e l y s o r t e d 
M o d e r a t e l y s o r t e d 
17 
47 
53 
61 
76 
2.45 
2.48 
2.05 
1.71 
2.86 
0,52 
0.64 
0.47 
0.74 
0.76 
+ 0 . 1 2 Fine Skewed 
+ 0 . 3 0 Fine S k e w e d 
+ 0 . 1 2 Fine S k e w e d 
+ 0 .04 Near S y s m m e r t i c a l 
+ 0 . 0 9 Near S y m m e t r i c a l 
M o d e r a t e l y w e l l s o r t e d + 0 .35 Strongly f ine S k e w e d 
Well s o r t e d + 0 .05 Near Symmetr i ca l 
Well s o r t e d + 0 . 3 9 S trong ly f ine S k e w e d 
M o d e r a t e l y w e l l s o r t e d + 0 . 1 6 Fine Skewed 
Modera te ly w e l l s o r t e d + 0 . 0 8 Near S y m m e t r i c a l 
Well s o r t e d + 0 . 0 8 Near S y m m e t r i c a l 
Well s o r t e d + 0 . 1 2 Fine S k e w e d 
M o d e r a t e l y w e l l s o r t e d + 0 . 0 2 Near Symmetr i ca l 
M o d e r a t e l y w e l l s o r t e d - 0 . 4 9 S t r o n g l y c o a r s e s k e w e d 
M o d e r a t e l y w e l l s o r t e d + 0 .05 Near S y m m e t r i c a l 
Very w e l l s o r t e d - 0 . 2 9 Coarse Skewed 
M o d e r a t e l y w e l l s o r t e d + 0 . 1 2 Fine S k e w e d 
M o d e r a t e l y w e l l s o r t e d + 0 . 0 2 Near S y m m e t r i c a l 
Well s o r t e d + 0 .31 S trong ly f ine s k e w e d 
Well s o r t e d - 0 . 4 2 Strongly c o a r s e '-.kpwed 
M o d e r a t e l y s o r t e d - 0 . 0 6 Near Symmetr i ca l 
M o d e r a t e l y w e l l s o r t e d - 0 . 14 Fine s k e w e d 
Well s o r t e d + 0 . 3 3 S trong ly f ine s k e w e d 
Well s o r t e d + 0 . 0 3 Near S y m m e t r i c a l 
M o d e r a t e l y w e l l s o r t e d + 0 . 1 4 Fine S k e w e d 
M o d e r a t e l y w e l l s o r t e d - 0 . 1 9 Coarse Skewed 
M o d e r a t e l y w e l l s o r t e d - 0 .16 Coarse s k e w e d 
HIMATNAGAR SECTOR 
M o d e r a t e l y w e l l s o r t e d + 0 . 2 3 Fine S k e w e d 
M o d e r a t e l y w e l l s o r t e d + 0 . 8 0 Near S y m m e t r i c a l 
Well s o r t e d + 0 . 2 0 Near S y m m e t r i c a l 
M o d e r a t e l y s o r t e d - 0 . 04 Near S y m m e t r i c a l 
M o d e r a t e l y s o r t e d + 0 . 0 7 Near S y m m e t r i c a l 
1.01 M e s o k u r t i c 
0 . 6 8 P l a t y k u r t i c 
1.11 M e s o k u r t i c 
1.02 M e s o k u r t i c 
0 . 7 9 P l a t y k u r t i c 
0 . 8 1 P l a t y k u r t i c 
1.18 L e p t o k u r t i c 
1.12 L e p t o k u r t i c 
0 . 9 9 . ' l e s o k u r t i c 
1.11 M e s o k u r t i c 
0 . 8 7 P l a t y k u r t i c 
0 . 9 9 M e s o k u r t i c 
0 . 9 2 M e s o k u r t i c 
0 . 7 8 P l a t y k u r i i r 
1.00 M e s o k u r t i c 
1.26 L e p t o k u r t i c 
1.75 V e r y l e p l o k u i t i c 
0 . 9 7 M e s o k u r t i c 
1,25 L e p t o k u r t i c 
1.19 L e p t o k u r t i c 
1.31 L e p t o k u r t i c 
1.12 L e p t o k u r t i c 
0 . 9 7 M e s o k u r t i c 
1 .10 M e s o k u r t i c 
0 .90 P l a t y k u r t i c 
1.14 L e p t o k u r t i c 
1 .19 L e p t o k u r t i c 
1.30 L e p t o k u r t i c 
1.35 L e p t o k u r t i c 
2 . 0 Vor V I n p f o k u r t \c 
1.14 L e p t o k u r t i c 
1.18 L e p t o k u r t i c 
1.0 M e s o k u r t i c 
0 . 9 7 M e s o k u r t i c 
1.11 M e s o k u r t i c 
0 . 9 3 M e s o k u r t i c 
1,08 M e s o k u r t i c 
1,19 L e p t o k u r t i c 
1.25 L e p t o k u r t i c 
1.26 L e p t o k u r t i c 
0 ,95 M e s o k u r t i c 
0 . 9 5 M e s o k u r t i c 
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Table 4 (Contd.) 
79 
89 
97 
99 
101 
103 
105 
265 
266 
267 
295 
296 
297 
298 
299 
300 
301 
302 
373 
377 
379 
380 
383 
3.03 
3.11 
2.13 
1.76 
2.73 
1.31 
2.65 
2.96 
2.98 
2.88 
1.56 
1.55 
1.40 
1.56 
1.56 
1.50 
1.50 
1.35 
0.85 
1.85 
2.13 
1.98 
1.51 
0,64 
0.53 
0.60 
0.74 
0.67 
0.67 
0.57 
0.32 
0.28 
0.30 
0.76 
0.68 
0.80 
0.60 
0.64 
0.73 
0.77 
0.75 
0.92 
0.38 
0.27 
0.27 
0.49 
Moderately well sor ted + 0.01 Nearly Symmetrical 
Moderately well sor ted 0.0 Near Symmetrical 
2 
3 
5 
228 
229 
230 
231 
232 
234 
235 
236 
1.91 
2.01 
2.01 
1.81 
1.51 
1.80 
1.81 
1.88 
2.01 
1.81 
1.83 
0.52 
0.82 
0.44 
0.55 
0.43 
0.64 
0.57 
0,48 
0.66 
0.50 
0.51 
11 
12 
13 
14 
15 
16 A 
17A 
2.25 
2.31 
2.21 
3.30 
3.10 
1.53 
1.50 
0.86 
1.07 
0.84 
0.62 
0.66 
0.86 
0.98 
Moderately well sorted - 0.01 
Moderately sor ted - 0.19 
Moderately well sor ted + 0.36 
Moderately well sor ted + 0.02 
Moderately well sorted + 0.02 
Very well sor ted + 0.16 
Very well sorted + 0.11 
Very well sor ted + 0.26 
Moderately sor ted 0.0 
Moderately well sor ted - 0.02 
Moderately sor ted - 0.20 
Moderately well sor ted + 0.08 
Moderately well sor ted + 0.14 
Moderately sor ted - 0.09 
Moderately sor ted - 0.04 
Moderately sor ted + 0.07 
+ 0.23 
- 0.10 
- 0.09 
- 0.40 
+ 0.06 
Moderately sor ted 
Well sor ted 
Very well sor ted 
Very well sor ted 
Well sor ted 
Near Symmetrical 
Coarse Skewed 
Strongly fine skewed 
Near Symmetrical 
Near Symmetrical 
Fine Skewed 
Fine Skewed 
Fine Skewed 
Near Symmetrical 
Near Symmetrical 
Coarse Skewed 
Near Symmetrical 
Fine skewed 
Near Symmetrical 
Near Symmetrical 
Near Symmetrical 
Fine Skewed 
Near Symmetrical 
Near Symmetrical 
Strongly coarse skewed 
Near Symmetrical 
FATEHPUR SECTOR 
Moderately well sor ted - 0.05 
Moderately sor ted + 0.01 
Well sor ted - 0.03 
Moderately well sor ted + 0.16 
Well sor ted + 0.02 
Moderately well sor ted + 0.66 
Moderately well sor ted + 0.21 
Well sor ted + 0.06 
Moderately well sor ted - 0.27 
Well sor ted + 0.25 
Moderately well sorted + 0.30 
I'AVACAHII SECTOU 
Near Symmetrical 
Fine Skewed 
Near Symmetrical 
Fine Skewed 
Near Symmetrical 
Near Symmetrical 
Fine Skewed 
Near Symmetrical 
Coarse skewed 
Fine Skewed 
Fine Skewed 
Moderately sor ted - 0.29 
Poorly sor ted - 0.11 
Moderately sor ted + 0.06 
Moderately well sor ted + 0.09 
Moderately well sor ted - 0.23 
Moderately sor ted - 0.33 
Moderately sor ted - 0.25 
Coarse Skewed 
Coarse Skewed 
Near Symmetrical 
Near Symmetrical 
Coarse Skewed 
Coarse Skewed 
Coarse Skewed 
0.90 P la tykur t i c 
1.05 Mesokurtic 
1.17 Leptokurt ic 
1.02 Mesokurtic 
1.02 Mesokurtic 
1.15 Leptokurt ic 
1.02 Leptokurt ic 
0.86 P la tykur t i c 
1.17 Leptokurt ic 
0.87 P la tykur t i c 
0.87 P la tykur t i c 
1.0 Mesokurtic 
0.97 Mesokurtic 
1.02 Mesokurtic 
0.92 Mesokurtic 
0.94 Mesokurtic 
0.97 Mesokurtic 
0.95 Mesokurtic 
1.06 Mesokurtic 
0.93 Mesokurtic 
1.50 Leptokurt ic 
1. 36 Leptokurt ic 
1.10 Mesokurtic 
1.13 Leptokurt ic 
1.27 Leptokurt ic 
1.11 Mesokurtic 
0.97 Mesokurtic 
1.37 Leptokurt ic 
1.33 Leptokurt ic 
1.20 Leptokurt ic 
0.98 Mesokurtic 
1.08 Mesokurtic 
0.94 Mesokurtic 
1.10 Mesokurtic 
1,11 Mesokurtic 
1.05 Mesokurtic 
1.27 Leptokurt ic 
1.50 Leptokurt ic 
1.38 Leptokurt ic 
1.45 Leptokurt ic 
1.14 Leptokurt ic 
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Visher (1969) were adopted he re as a measure of s o r t i n g . 
^ 50° poor sor t ing 
50° - 60° fa i r sor t ing 
60° - 70° good sor t ing 
"^70° exce l len t sor t ing 
Truncat ion points at the coa r se r and f iner ends of each 
subpopula t ion segment were de t e rmined . All t he above determined 
c h a r a c t e r i s t i c s of subpopula t ions of g r a i n - s i z e d i s t r i b u t i o n are 
summarized in Table 5. 
Roundness of d e t r i t a l gra ins was es t imated by Powers ' 
(1953) method of comparison with two-dimensional images of g r a in s . 
The Powers ' sca le of roundness has the advantage of having a 
geometric sca le and su i t ab le c lass l i m i t s . 
GRAIN SIZE PARAMETERS 
The s t a t i s t i c a l pa r ame te r s of gra in s i ze (Folk , 1968, 
1980) of the sands tones under s tudy a re d e s c r i b e d be low: 
Graphic Mean Size iUy) 
M of va r ious samples ranges from 1.13 to 3.11 4 (Table 
z 
4) indica t ing tha t the sandstones a re medium to ve ry fine g ra ined . 
Mean s ize is a function of (1) the s ize range of a v a i l a b l e sediment 
and (2) the amount of energy impar ted to the sediment which 
depends on cur ren t ve loc i ty or tu rbu lance of the t r anspo r t i ng medium. 
In Naswadi sector the v e r t i c a l p ro f i l e s of most sect ions 
show an upward inc rease in M (Fig . 14) , Linda sect ion of the 
T a b l e 5: C h a r a c t e r i s t i c s of s u b p o p u l a t i o n s of g r a i n s i z e d i s t r i b u t i o n of C r e t a c e o u s s a n d s t o n e s , NE 
Gujarat , 
( C . T . = C o a r s e t r u n c a t i o n p o i n t ; F . T . = f i n e t runcat ion po int 
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POPULATION - A POPULATION - B POPULATION 
Sam-
ple 
No, 
Per-
cent 
Angle 
of 
slope 
Sort-
ing 
C.T. 
0 
Per-
cent 
Angle 
of 
slop 
Sort-
ing 
C.T 
O 
F . T . P e r - Angle S o r t - C . T . 
c e n t of ing O 
s l o p 
NASWADI SECTOR 
T y p e I d i s t r i b u t i o n 
27 
34 
70 
73 
80 
64 
98 
99 
122 
128 
197 
201 
202 
Type 
16 
42 
66 
79 
86 
95 
102 
198 
85 
96 
93 
14 
4 
2 
50 
76 
3 
5 
82 
40 
56 
II dis 
32 
11 
22 
90 
86 
50 
62 
21 
57 
67 
57 
63 
53 
40 
59 
64 
28 
37 
65 
50 
65 
Fair 
Good 
Fair 
Good 
Fair 
Poor 
Fair 
Good 
Poor 
Poor 
Good 
Poor 
Good 
tribution 
66 
73 
67 
70 
70 
73 
72 
66 
Good 
Excellent 
Good 
Good 
Good 
Excellent 
Excellent 
Good 
-1.0 
-0.5 
-0.5 
0 
0 
-1.0 
0.5 
0 
0 
-1.0 
0 
-0.5 
-0.5 
-0.5 
0 
1.0 
0 
0 
0 
0 
0 
15 
4 
7 
86 
96 
98 
50 
24 
97 
95 
18 
60 
44 
68 
89 
78 
10 
14 
50 
38 
79 
77 
74 
77 
67 
75 
64 
73 
72 
77 
69 
72 
68 
72 
47 
61 
63 
63 
61 
59 
65 
62 
Excellent 
Excellent 
Excellent 
Good 
Excellent 
Good 
Excellent 
Excellent 
Excellent 
Good 
Excellent 
Good 
Excellent 
Poor 
Good 
Good 
Good 
Good 
Fair 
Good 
Good 
2.7 
2.3 
2.7 
1.1 
0.6 
-0.20 
1.9 
1.70 
1.80 
0.70 
2.2 
1.30 
1.90 
0.60 
0.60 
2.3 
2.2 
1.70 
1.10 
1.30 
1.1 
3.5 
3.0 
3.5 
3.5 
3.0 
3.5 
3.5 
3.0 
'.5 
3.5 
3.5 
3.5 
3.0 
4.0 
3.5 
5.0 
4.0 
3.0 
4.0 
3.0 
4.0 
T y p e III d i s t r i b u t i o n 
29 18 56 F a i r - 0 . 5 66 46 P o o r 1.30 4.0 16 46 Poor 5.0 
T y p e IV d i s t r i b u t i o n 
18 
62 
63 
64 
65 
67 
71 
82 
94 
96 
100 
125 
129 
130 
199 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
60 
64 
62 
61 
64 
63 
56 
69 
71 
70 
76 
74 
61 
74 
64 
Fair 
Good 
Goood 
Good 
Good 
Good 
Fair 
Good 
Excellent 
Good 
Excellent 
Excellent 
Good 
Excellent 
Good 
-1.0 
1.0 
0.0 
-1.0 
-1.0 
-0.5 
0.5 
-0.50 
0.0 
0.0 
1.0 
0.50 
-1.0 
0.50 
0.0 
T a b l e 5 ( C o n t d . ) 
T y p e I d i s t r i b u t i o n 
89 
99 
T y p e 
76 
101 
T y p e 
17 
47 
53 
61 
79 
97 
103 
105 
II 
IV 
8 
76 
d i s t 
30 
58 
d i s i 
100 
100 
100 
100 
100 
100 
100 
100 
52 
56 
r i b u t i o n 
71 
70 
t r i b u t i o n 
70 
68 
72 
61 
56 
65 
67 
65 
F a i r 
F a i r 
E x c e l l e n t 
Good 
Good 
Good 
E x c e l l e n t 
Good 
F a i r 
Good 
Good 
Good 
1.0 
•0 .50 
1.0 
1.5 
1.5 
1.0 
1.0 
0 .0 
0 . 5 
1.0 
0 . 0 
1.0 
T y p e I d i s t r i b u t i o n 
230 32 56 
234 46 55 
T y p e II d i s t r i b u t i o n 
225 84 73 
236 62 72 
T y p e IV d i s t r i b u t i o n 
228 100 67 Good 0.50 
229 100 68 Good 0.50 
231 100 65 Good 0.0 
233 100 72 Excellent 0.50 
Type I distribution 
11 46 50 Poor 
14 2 50 Poor 
A-16 15 19 Poor 
A-17 52 43 Poor 
Type II distribution 
12 11 63 Good 
T y p e III d i s t r i b u t i o n 
13 8 50 F a i r 
T y p e IV d i s t r i b u t i o n 
15 100 65 Good 
-0 .50 
-1 .0 
1.0 
92 
24 
70 
42 
HIMATNAGAR SECTOR 
71 E x c e l l e n t 1.9 
78 E x c e l l e n t 2 . 3 0 
57 
56 
55 
F a i r 
F a i r 
2.30 
2.70 
FATEHPUR SECTOR 
PAVAGARH SECTOR 
89 
62 
53 
62 
F a i r 
Good 
0.80 
0.80 
4.0 
4.0 
5.0 
5.0 
F a i r - 0 . 5 0 
F a i r - 0 . 5 
E x c e l l e n t 0 .50 
E x c e l l e n t 0 . 5 0 
68 
54 
16 
38 
76 
72 
58 
62 
E x c e l l e n t 
E x c e l l e n t 
F a i r 
Good 
1.60 
1.90 
1.90 
1.70 
3 .0 
3 . 5 
3 . 5 0 
4 . 0 
- 0 . 0 5 
- 1 . 0 
- 1 . 0 
- 1 . 0 
56 
98 
85 
48 
68 
68 
68 
72 
Good 
Good 
Good 
E x c e l l e n t 
2 . 3 0 
2 . 2 0 
0 . 6 0 
- 1 . 8 0 
4 . 5 
5 . 0 
3 . 5 
3 . 5 
4.50 
2.40 30 55 F a i r 4.0 
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Naswadi sector shows an upward decrease in M . In the Himatnagar 
and Fatehpur sectors no systematic variation occurs in vertical 
sections of different localities (Fig. 15). At Pavagarh (Vankaria 
section) M decreases upward. 
z 
The study of horizontal variation in M plotted at different 
z 
l o c a l i t i e s of Naswadi sec tor demons t ra tes a general coarsening of grain 
s i ze t owards NNW ( F i g . 16) . In the Himatnagar sec to r M at t h r e e loca l i t i e s 
which l i e on an e a s t - w e s t l ine show a coarsening of gra in s ize e a s t w a r d . 
The hor izonta l v a r i a t i o n s of M in Fa t ehpur and Pavagarh sec to r s could 
not be s tud ied because of the small a r ea s covered by outcrops in t h e 
two s e c t o r s . A s tudy of a r e a - l e v e l va r i a t i ons of M demonst ra tes tha t 
z 
the f ines t gra in s ize occurs around Pavagarh and from h e r e the grain s ize 
i n c r e a s e s in sou th , eas t and nor th d i r e c t i o n s (Fig . 17 ) . 
Inclusive Graphic Standard Deviation ( o T^ 
^ of t h e s a m p l e s r a n g e s f rom 0 . 2 7 t o 1 . 1 2 4 . Out of 
83 s a m p l e s 37 s a m p l e s a r e m o d e r a t e l y w e l l s o r t e d , 21 m o d e r a t e l y 
s o r t e d , 17 w e l l s o r t e d , 6 v e r y w e l l s o r t e d and 2 p o o r l y s o r t e d 
( T a b l e 4 ) . The s t u d i e d s a m p l e s a r e t h u s g e n e r a l l y m o d e r a t e l y 
w e l l s o r t e d t o m o d e r a t e l y s o r t e d , and o c c a s i o n a l l y w e l l t o v e r y 
w e l l s o r t e d o r p o o r l y s o r t e d . 
No s y s t e m a t i c v e r t i c a l v a r i a t i o n i n s o r t i n g i s 
o b s e r v e d a t d i f f e r e n t l o c a l i t i e s of t h e N a s w a d i s e c t o r 
( F i g . 1 4 ) . At d i f f e r e n t l o c a l i t i e s 6 f l u c t u a t e w i t h i n t h e 
well so r t ed and modera te ly well so r t ed f i e l d s . However, at Gadewa, 
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Nanhupura and Kundia localities some samples fall within the modera-
tely sorted field. In the Himatnagar, Fatehpur and Pavagarh 
sectors also no systematic vertical variation in sorting is obtained 
(Fig. 15). In the Himatnagar sector, all samples of the Sabarmati 
r iver section fall within the very well sorted field. At Ilol 
despite minor fluctuations ^ remain within the moderately well 
sorted and moderately sorted f ie lds . At Bhavopur a general improve-
ment in sorting upward in the section is discernible as the sediments 
from bottom upward vary from moderately sorted to well sorted. 
In the Fatehpur sector at both localities <5l remain within the 
well sorted and moderately well sorted fields despite minor fluctua-
tions. The only locality of Pavagarh sector shows minor fluctuations 
of cS" which remain within the moderately well sorted and moderately 
sorted f ie lds . 
The horizontal variations of <f plotted at different localities 
in the Naswadi sector show that best sorted sediments occur around 
locality 9 (Linda) lying in the center of Naswadi sector (Fig.18). 
From locality 9 sorting of sediments in general decreases in the 
NE and S direct ions. In the Himatnagar sector no systematic var i -
ation occurs. 
The area level map of sector-wise average € values 
shows that the sediments around Pavagarh are least sorted (Fig. 19). 
From Pavagarh sorting of sediments improves in North, East and 
SE direct ions. 
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Inclusive Graphic Skewness (SK ) and Graphic Kurtosis (K_) 
SK of the s tud ied samples range from -0 ,49 to 0 .36, Out of 
83 samples 39 a re near symmet r i ca l , 22 fine skewed (pos i t i ve ) 12 coarse 
skewed ( n e g a t i v e ) , 6 s t rongly fine skewed and 4 s t rongly coarse skewed 
(Table 4 ) . 
K of the s tud ied samples range from 0,78 to 2.0. Out of 83 G 
s a m p l e s , 39 samples a r e mesoku r t i c , 32 l e p t o k u r t i c , 10 p l a t y k u r t i c and 
2 v e r y l e p t o k u r t i c (Table 4 ) . 
Skewness and k u r t o s i s were r e f e r r e d to as i nd i ca to r s of s e l ec t i ve 
act ion of t r a n s p o r t i n g agent by Krumbein and Pe t t i john (1938). Since 
then the p a r a m e t e r s have been employed by va r ious i nves t i ga to r s to 
i n t e r p r e t depos i t iona l p r o c e s s e s and env i ronment s . Folk and Ward (1957) 
suggested tha t sands depos i t ed near the source a r e c h a r a c t e r i s t i c a l l y 
l e p t o k u r t i c and p o s i t i v e - s k e w e d . Mason and Folk (1958) made a compara t ive 
t e x t u r a l s t u d i e s of Recent sands of beach , dune, and aeolian flat e n v i r o -
nments . These s t u d i e s ind ica ted tha t beach sands a r e normal or nega t ive -
skewed and l e p t o k u r t i c , t h a t dune sands have p o s i t i v e skewness and 
a re m e s o k u r t i c , and tha t ' a eo l i an f l a t ' sands a re p o s i t i v e l y skewed and 
l e p t o k u r t i c . 
Fr iedman (1961) suggested t h a t beach sands genera l ly have negat ive 
s k e w n e s s , but both dune and r i v e r sands usual ly have p o s i t i v e 
s k e w n e s s , 
Duane ( 1 9 6 4 ) d e m o n s t r a t e d t h a t t h e s a n d s of t h e l i t t o r a l , 
b e a c h , and t i d a l i n l e t e n v i r o n m e n t s h a v e n e g a t i v e s k e w n e s s a s 
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a result of winnowing action of waves and tidal currents . In sheltered 
quiet water areas and in deeper water, where bottom currents or 
wave base surge are not effective, the sands have positive skewness. 
Sediments show local variation in the sign of skewness in areas 
of fluctuating energy. 
About half of the samples under study are near symmetrical 
and rest of them are mostly fine-skewed and some are coarse-skewed. 
Vertical variations in SK values were studied in different 
sections. In the Naswadi sector vert ical sections at 3 localities 
show an over all trend of variation from coarse skewed (-) to 
fine skewed ( + ) upward in the sections (Fig. 14). This trend 
may be the result of increasing depth and decreasing winnowing 
as a result of transgression. In the Himatnagar, Fatehpur and 
Pavagarh sectors no clear trend is apparent, most of the samples 
falling in near symmetrical on fine-skewed fields in the first two 
sectors and in near symmetrical or coarse-skewed field in the last 
sector (Fig. 15). 
The map of average skewness values plotted at different 
localities of the Naswadi sector shows that the sandstones are near 
symmetrical throughout the sector (Fig. 20). However, maximum 
negative skewness (-0.04) is found at locality 9 from where skewness 
acquires increasingly positive values in the NW, NE and SE directions. 
It appears that in the central part of Naswadi sector, around locality 
9, winnowing was maximum reflecting a shoal area. The sandstones 
from locality 9 are also best sorted. 
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The map of the study are showing average skewness values 
for different sectors suggest that the sediments are coarse skewed 
(-) around Pavagarh (Fig. 21). From Pavagarh towards N, NE and 
SE skewness gradually changes to increasing positive values, although 
remaining within the near symmetrical f ield. 
In general the study area is characterized by no particular 
dominance of ei ther positive or negative skewness which perhaps suggest 
fluctuating energy levels as documented by Duane (1964) from eastuary 
mouths. 
A study of vertical variation in kurtosis values at different 
localities shows that in the Naswadi sector there is a general tendency 
of variation from leptokurtic to platykurt ic upward in many sections 
(Fig, 14). In some sections there is an upward variation from lepto-
kurtic to mesokurtic. At other localit ies the vertical variation is from 
mesokurtic to p la tykur t ic . In the Himatnagar sector kurtosis of sediments 
does not show any systematic variation in the vertical direction and 
most of the samples remain within the mesokurtic field (Fig. 15). 
In the Fatehpur sector, at one locality (Valundi) an upward variation 
from leptokurtic to mesokurtic is clearly d iscernible . The other locality, 
Chalor does not show any systematic variation, all the samples remaining 
in the leptokurtic field. Similarly, Vankaria, the only locality of Pavagarh 
sector, also does not show any systematic vertical variation and the 
kurtosis values mainly lie within the leptokurtic field. 
The map of average kurtosis values plotted at different loca-
l i t ies of the Naswadi sector demonstrate that in general the sandstones 
vary from mesokurtic in the SW to very leptokurtic in the NE (Fig.22). 
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The map of average k u r t o s i s values for different sec to r s 
demons t ra t e s tha t the sandstones a r e l e p t o k u r t i c around Pavagarh , 
where the maximum ku r to s i s value is obta ined {Fig. 23). The 
sediments became mesokur t ic in the N, NE and SE d i r e c t i o n s , 
LOG PROBABILITY CURVES 
Description of Curves 
The l o g - p r o b a b i l i t y cu rves of g r a i n - s i z e d i s t r i bu t i on 
of the samples under s tudy were ana lysed by V i s h e r ' s (1969) method. 
The curves were b road ly d i v i d e d into four t y p e s (Types I-IV) 
on the bas i s of number of sub -popu la t ions and t h e i r r e l a t i v e d e v e l o p -
ment in a s ingle d i s t r i b u t i o n . 
Type I plots 
One- th i rd of the ana lysed samples (21 out of 64 samples) 
show Type I g r a i n - s i z e d i s t r i b u t i o n which compr ises two sub -popu la -
t ions (Fig. 24) . In 11 out of 21 s amp le s , the t runcat ion point 
of the two popula t ions ranges from 1.64 to 2 .34 , averaging 1.954 
which app rox ima te s the 24 b reak a t t r i b u t e d by some worke r s as 
the junction between the Stokes and Impact law formulae (Fu l l e r , 
1961).~ The 24 s ize is cons ide red by Visher (1969) to r e p r e s e n t 
the c r i t i c a l s ize where ine r t i a l forces cause ro l l ing or s l id ing of 
p a r t i c l e s r a t h e r than s a l t a t i on . The re fo re , t h e two s t r a i g h t line 
segments of the d i s t r i b u t i o n s , t runca ted on the ave rage at 1.954, 
in al l p r o b a b i l i t y r e p r e s e n t surface c reep and sa l t a t ion popu la t ions . 
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In majority of the Type I dis t r ibut ions, the percentages 
of surface creep population do not exceed 50 percent. In 13 out 
of 21 distr ibutions the percentages range from 2.0 to 50 percent. 
In the remaining 8 dis tr ibut ions, the percentages bf surface creep 
population are high and range from 52 to 96 percent. The average 
percentage of the surface creep population is 42.50 percent. The 
population shows fair sorting in majority of the samples. The 
population is truncated at the coarser end at -1.0 to l.Od) (average 
0.544). 
The percentages of saltation population exceed 50 percent 
in most dis t r ibut ions , ranging from 54 to 98 percent. In the remaining 
9 distr ibutions out of 21, the percentages of the population range 
from 4 to 50 percent. The average percentage of saltation population 
is 57.5 percent. Sorting of the saltation population is generally 
excellent. 
The Type I distribution is thus generally characterized 
by a better developed and excellently sorted saltation population 
and lesser developed and fair sorted surface creep population. 
Type II plots 
The Type. II plot shown by 13 samples, resembles Type 
I plot in having two populations, surface creep and saltation (Fig.25). 
The truncation points between the two populations, mostly range 
from 1.7d) to 2.34, and average 2.014, approximating the 24 break. 
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However, Type II distr ibution differs from the Type 
I distr ibution in the following respect : 
1. The average coarser truncation point of the surface creep populat-
ion in Type II distribution (0.42) is coarser than the correspond-
ing value in Type I distribution (0.544), 
2. The average truncation point between the two populations of 
Type II distribution (2.014) is a l i t t le finer than the correspond-
ing average truncation point in Type I distr ibution (1.684), 
3. The surface creep population is better developed in Type II 
distributions (average percentage 46.50 percent) compared to 
that of Type I distribution (average percentage 42.50 percent) . 
4. The sorting of the surface creep population is good to excellent 
in Type II distributions as compared to generally fair sorting 
of the population in Type I dis t r ibut ion. 
5. The saltation population in Type II distribution is somewhat 
lesser developed (average percentage 53.84 percent) as compared 
to that of Type I distribution (average percentage 57.50 percent) . 
The saltation population in Type II distr ibution shows fair 
to good sorting as compared to excellent to good sorting of 
the population in Type I dis tr ibut ion. Thus, generally speaking, 
saltation population is more developed and more sorted in 
Type I distribution whereas the surface creep population shows 
better development and better sorting in T^^ ion, 
^V^ 
78 
Type III plot 
The Type III distr ibution comprises three populations-surface 
c reep , saltation, and suspension. Only 2 samples show Type 
III dis tr ibut ion (Fig. 25). 
The surface creep population is poorly developed (averaging 
13 percent) and fairly sor ted. Its coarser truncation point averages 
0.754. 
The saltation population is well developed and averages 
64 percent . The population has good sorting in one sample and 
poor sorting in the other . The average truncation point between 
surface creep and saltation population is 1.05i which is coarser 
than the 24 break. 
The suspension population, averaging 23 percent, is much 
less developed than the saltation population but somewhat better 
developed than the surface creep population. The suspension popula-
tion is fairly sor ted. 
Type IV Plots 
28 samples show Type IV distr ibution which comprises 
only one population (Fig. 26), This population is truncated at 
its coarser end at -1.0 to 1.0 4. The population shows good sorting. 
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I n t e r p r e t a t i o n 
The type I and type II distributions of the study area 
are characterized by relatively higher percentage of surface creep 
population, a well developed saltation population which is truncated 
at the fine end, and absence of suspension population. These charact-
er is t ics resemble those of curves described from recent sediments 
of shallow water areas close to breaker zone and lying marginal 
to the tidal channel in a modern estuary (Visher, 1969, p . 1090). 
The concentration of surface creep population suggests closeness 
to channels and absence of suspension population indicates winnowing 
action of waves and/or currents. 
The character is t ics of type III curves closely match the 
character is t ics of those described from Recent sediments of shallow 
marine environment (Visher, 1969). Narrow size ranges of coarse 
and fine truncation points, and good sorting of saltation population 
are indicative of currents of more or less constant strength and 
wave processes that cause winnowing. 
Distribution comprising single population and resembling 
type IV distribution of the study area has been reported from Recent 
sediments of tidal inlet environment of Altahama r iver estuary and 
natural levee environment of the Mississippi r iver delta (Visher, 
1969), The single suspension population associated with levee deposits 
is generally finer -than 2,35 4 and poorly sorted. In contrast the 
single population developed in type IV distribution of the study 
area is coarser and shows good to excellent sorting. Thus, the 
single population of type IV distribution possibly suggests deposition 
b^ CUTients oi 'high velocity when coarse bed-load Donniptir^r, ^-
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after period of high flow in tidal channels, the grain size dis t r ibu-
tion approaches a single population because the bed-load population 
is also transported in saltation. 
In the Naswadi sector type I and type II distributions 
are dominant. The remaining distr ibutions are type IV except one 
which belongs to type III. The association of different types of 
curves suggest that in the Naswadi sector deposition was mainly 
in an estuarine environment where strong tidal currents quite often 
resulted in concentration of surface creep population and even its 
transportation by saltation, and complete removal of suspension 
population. The variation in percentages and sorting of different 
populations possibly indicate variation in wave and current energies 
as well as the proximity to a channel. 
In the Himatnagar sector type IV distributions are abundant 
and the remaining distributions belong to type I and type II. 
Here currents were stronger and deposition took place mostly in 
tidal channels. Stronger currents transported bedload by saltation. 
In Fatehpur sector type I and type II distributions on 
one hand and type IV distr ibution on the other are equally 
developed suggesting that deposition took place in tidal channels 
and marginal areas . 
Most of the sediment in Pavagarh sector was deposited 
in an estuarine environment as is evidenced by dominance of Type 
I and Type II dis t r ibut ions. However, near absence of type IV 
Table 6: Roundness of quartz grains of Cretaceous sandstones , NE Gujarat. 
Roundness c lass (Power's Scale) 
Sample No. of Very Angular Sub- Sub- Rounded Well Mean 
No. grain Angular angular rounded rounded roundness 
0.12 to 0.17 to 0.25 to 0.37 to O.'ig to 0.70 to 
0.17 0.25 0.37 0.49 0.70 1.00 
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d i s t r i b u t i o n s suggest tha t s t rong cu r r en t s and in le t s and channels 
were absent from t h i s s e c t o r . One of the d i s t r i b u t i o n is type 
III ind ica t ing shal low marine c o n d i t i o n s . 
ROUNDNESS 
In var ious s amp le s , roundness of grain ranges from very 
angular to well rounded (Table 6 ) . However, in most samples majori ty 
of the gra ins a re subangular to subrounded . The d i s t r i b u t i o n of 
roundness in ind iv idua l samples is i n v a r i a b l y unimodal wi th subrounded 
as the modal c l a s s , except ing the Pavagarh s e c t o r . The modal 
c lass contains 5 to 39 percent g r a i n s , averaging 28.90 percent g r a i n s . 
In the Pavagarh sec tor the modal c l a s s is subangular c l a s s . 
The mean roundness of t h e ind iv idua l samples ranges from 
0.32 to 0 .47 . The range of mean roundness of d i f ferent sec to r s 
is as fo l lows: Naswadi s e c t o r , 0.35 to 0.42, Himatnagar s ec to r , 
0.32 to 0 . 4 1 , Fa tehpur s e c t o r , 0.40 to 0.54 and Pavagarh s ec to r , 
0.31 to 0 .35 . The average mean roundness for each sec to r is Naswadi 
s e c t o r , 0 .39, Himatnagar s e c t o r , 0 .37 , Fa tehpur s e c t o r , 0.47 and 
Pavagarh s e c t o r , 0.32 (F ig . 27 ) . Thus , the maximum roundness 
occurs in Fa tehpur s e c t o r . 
CHAPTER III 
DETRITAL MINERALOGY. CLASSIFICATION AND PROVENANCE 
INTRODUCTION 
The d e t r i t a l mineralogy of sands tones of the s tudy area 
has been s tud ied ( i ) for the purpose of t h e i r p e t r o g r a p h i c c l a s s i f i -
cat ion and ( i i ) for the i n t e r p r e t a t i o n of t h e i r provenance and 
depos i t i ona l h i s t o r y . Much work has been done on sandstone 
c l a s s i f i ca t ion during the las t four d e c a d e s , and the important 
con t r ibu t ions have been summarized by Klein (1963), Folk (1968), 
Okada (1971) and Dickinson (1985). 
Sandstone composi t ions a r e mainly determined by t h r e e 
fac to rs which include c h a r a c t e r of the sed imenta ry provenance , 
the na tu re of the sed imentary p r o c e s s e s wi th in the deposi t ional 
bas in , and the kind of the d i s p e r s a l pa ths t ha t link provenance 
to ba s in . The key r e l a t ions between provenance and basin a re 
governed by p l a t e t ec ton ics , which thus u l t imate ly controls the 
d i s t r i b u t i o n of the different t y p e s of s a n d s t o n e s . Data obtained 
from .modern marine and t e r r e s t r i a l sands from known tectonic 
se t t ing p r o v i d e s t a n d a r d s to eva lua te the effect of tectonic set t ing 
on sandstone composi t ion . By d i r e c t analogy with such modern 
sands and by i n t e rp re t i ng ancient sands tone s u i t e s , broad ca tegor ies 
of sands tones can be co r r e l a t ed with spec i f i c types of source 
t e r r a i n s and bas ins assoc ia ted with d i v e r s e p l a t e tectonic reg imes . 
Crook (1974) and Schwab (1975) have shown p rev ious ly tha t qua r t z -
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rich rocks are associated typically with passive continental margins, 
that quartz poor rocks are mostly of volcanogenic derivation 
from magmatic island arcs , and that rocks of intermediate quartz 
content are associated mainly with active continental margins 
or other orogenic, be l t s . 
Quartz, the most ubiquitous mineral of sands, is the 
chief constituent of most sandstones. Mackie (1896) classified 
detr i tal quartz into four groups on the basis of their inclusions. 
Krynine (1940, 1946) genetically classified detr i ta l quartz into 
igneous (including plutonic, volcanic and hydrothermal vein quartz) , 
metamorphic ( recrystal l ized, schistose, and s t r e t ched) , and reworked 
sedimentary quartz on the basis of extinction, inclusions and 
grain shape. Kryninds plutonic quartz was modified to 'common' 
quartz by Folk (1968, 1980) because much quartz from other 
environments (metamorphic, vein, etc) has the same character is t ics . 
Folk (1968) also classified detr i tal quartz empirically on the 
basis of extinction and inclusions. Blatt and Christie (1963) 
concluded that undulatory extinction is not a rel iable guide to 
the provenance of qar tz . 
Rock fragments are strongly size-dependent. They are 
more abundant in the coarser sand fraction, but they can be 
found in the finest sands. As grain size decreases, identification 
becomes more difficult and more subjective (Boggs, 1968). 
The significance of detr i tal felcfepars in relation to source, 
palaeoclimate and tectonism has been summarised by Krynine (1948), 
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Folk (1968) and Pet t i john et al (1972) . 
Although heavy minera ls occur as a cce s so ry const i tuents 
of normal sands tones , they a re cons ide red to be useful guide 
to the t y p e of source rock . Keeping t h i s view in mind some 
def in i te assemblages of heavy minera ls were d e s c r i b e d and r e l a t ed 
to t h e i r p r o b a b l e source r o c k s . ( Krumbein and Pe t t i john , 1938, 
F e o - c o d e c i d o , 1956, Pe t t i john , 1957, l i j ima , 1959, McCarley, 
1981). 
METHODOLOGY 
In the p resen t s tudy d e t r i t a l mineral composit ion of s a n d s -
tones was eva lua ted both q u a l i t a t i v e l y and quan t i t a t i ve ly in 176 
th in s e c t i o n s . These included 79 samples from the Naswadi 
s e c t o r , 56 from the Himatnagar s e c t o r , 21 from the Fa tehpur sec to r , 
and 20 from the Pavagarh s e c t o r . The samples were se lec ted 
in such a way so as to cover uni formly, both l a t e r a l l y and v e r t i c -
a l l y , the outcrops of the four s e c t o r s . For quan t i t a t ive ana lys i s 
about 400-500 points per th in sect ion were counted for determining 
the modal composit ion of rocks under i n v e s t i g a t i o n . 
Terminology of Krynine (1940) and Folk (1968,1980) was 
followed for desc r ib ing s e ve r a l v a r i e t i e s of quar tz and o ther 
framework cons t i t uen t s . 
DETRITAL MINERAL COMPOSITION 
The s tud ied sandstones a r e composed of mainly severa l 
v a r i e t i e s of q u a r t z , followed by mica, rock fragments , f e ldspa r 
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described here in the order of their abundance. 
Quartz 
Quartz is the predominent detr i tal mineral of the studied 
sandstones, forming on the average 91 percent by volume. The 
various types of quartz recognized on the basis of Folk 's (1968, 
1980) classification, include common quartz, vein quartz, recrys ta l l -
ized metamorphic quartz and stretched metamorphic quartz. 
On the average, approximately two-third of the total 
detr i tal quartz is of igneous origin and consists of both common 
(plutonic) and vein quartz va r i e t i e s . The remaining detrital 
grains of quartz belong to recrystal l ized metamorphic quartz 
and stretched metamorphic quartz which were designated as meta-
morphic type. Table 7 gives the percentages of various quartz 
types and other detr i tal minerals of the studied sandstones. 
Common quartz 
It is the dominant constituent and forms 33 to 95 percent 
by volume, and averages 74 percent. The common quartz grains 
occur as subequant, and mostly subangular to subrounded grains. 
The grains are monocrystalline and present a clear appearance 
having few inclusions of acicular ru t i le , tourmaline, mica and 
opaques (Plate IIIA). The grains show straight to slightly undulose 
extinction. 
Vein quartz 
It constitutes 1 to 23 percent, averaging 7.0 percent 
of the detr i tal fraction. It occurs commonly in the form of monocr-
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Sample Monocrystall ine Quartz 
No. Conroon Vein 
Quartz O j a r t z 
Po lyc rys t a l l i ne Quartz 
Recrys 111-
i zed Me t . 
Quartz 
S t r e t ched 
Met . 
Quar t z 
Mica Fe ldspar Rock Frag 
men t s 
Heavy 
Minera ls 
NASWADI SECTOR 
16 
IS 
19 
20 
21 
11 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
42 
62 
63 
64 
65 
67 
70 
71 
79 
80 
81 
82 
83 
84 
86 
94 
95 
96 
97 
98 
99 
102 
103 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
IZO 
122 
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125 
126 
127 
128 
129 
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143 
144 
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68 
85 
80 
74 
78 
84 
92 
92 
84 
76 
90 
89 
85 
75 
84 
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90 
76 
78 
82 
82 
89 
82 
88 
88 
89 
93 
88 
91 
88 
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76 
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87 
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81 
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81 
81 
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-
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3 
4 
2 
7 
4 
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7 
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3 
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1 
-
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-
-
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-
6 
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7 
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7 
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1 
6 
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4 
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6 
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2 
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2 
3 
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148 
149 
150 
192 
193 
195 
196 
197 
198 
199 
201 
202 
69 
87 
75 
71 
83 
76 
81 
85 
80 
78 
73 
78 
7 
6 
13 
9 
8 
2 
9 
8 
8 
10 
3 
10 
10 
3 
4 
5 
11 
13 
3 
3 
12 
3 
12 
5 
2 
3 
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1 
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7 
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16 
17 
21 
23 
27 
28 
30 
33 
34 
42 
44 
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53 
55 
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79 
89 
90 
97 
99 
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90 
91 
90 
77 
84 
79 
66 
79 
92 
82 
81 
82 
85 
88 
80 
77 
91 
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78 
86 
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-
6 
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4 
9 
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-
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-
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4 
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-
-
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2 
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-
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-
1 
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-
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3 
-
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1 
4 
2 
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2 
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1 
-
1 
1 
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2 
3 
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222 
223 
224 
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228 
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230 
231 
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7 
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11 
12 
13 
15 
16A 
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60 
90 
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4 
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-
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21 
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-
-
-
1 
2 
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ystalline grains and occasionally as ' semicomposite' grains which 
were designated 'pseudo- ' polycrystal l ine quartz grains by Petti John 
et a l . , (1972). These grains show parallel arrangement of sub4ndividuals 
but not quite in optical continuity, and have straight to slightly 
undulose extinction. Monocrystalline grains have abundant vacuoles 
giving cloudy appearance (Plate IIIB). 
Recrystallized metamorphic quartz 
It comprises I to 16 percent and averages 2.0 percent of 
the total, detr i tal constituents. It occurs in the form of polycrystalline 
grains of fine to coarse size, and equant to subequent shape. The 
grains are made up of a mosaic of microcrystalline to fine grained 
sub-individuals . The sub-individuals are equidimensional with straight 
boundaries, widely different optic orientation, and straight extinction 
(Plate IIIC). In some recrystal l ized metamorphic quartz grains sub-
individuals are polygonal in shape and hence resemble 'polygonized' 
quartz (Voll, I960, Folk, 1968). 
Stretched metamorphic quartz 
It constitutes generally 1 to 17 percent and occasionally upto 
30 percent, and averages 4.0 percent of the detr i tal fraction. It 
occurs as polycrystall ine grains which are mostly made up of elongated 
and lensoid sub-individuals of micro-quartz, and fine grained quartz. 
The sub-individuals are in sub-paral lel to almost parallel orientation 
with smooth and sutured boundaries along which tiny mica flakes 
sometimes occur (Plate HID). The sub-individuals show highly undulose 
extinction. Sometimes the sub-individuals occur independently as monocry-
PLATE III 
D 
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PLATE - III 
Photomicrographs of the Cretaceous sandstones showing 
detrital constituents. 
(Crossed ni cols ) 
A. Monocrystalline 'common quartz' (x 30) 
B. Monocrystalline 'Vein quartz' (x 30) 
C. Po1ycrysta 11ine ' recrysta11ized metamorphic quartz'(x30) 
D. Po1ycrysta 11ine 'stretched metamorphic quartz' (x30) 
E. Detrital muscovite flakes surrounded by quartz grains 
(xl75) 
F. Muscovite flakes showing compaction effects (xl75) 
ti 
^^^I^^^^^P^^.* "^^J^-L^^^^l 
^Ji^ WCTC*^> igi y ^ y^^  
^ ^^H^^^^^^^H 
AI 3iV1d 
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PLATE - IV 
Photomicrographs of the Cretaceous sandstones showing 
detrital constituents. 
A. A detrital shale fragment surrounded by quartz grain 
(uncrossed nicols) (x60) 
B. Detrital siltstone clasts containing coarser quartz 
grains (crossed nicols) (x60). 
C. Subrounded chert grains in the centre of the photograph 
(crossed nicolsXx60). 
D. An elongated micaceous phyllite grain (crossed nicols) 
(x60). 
E. A low rank metamorphic rock fragment appearing as 
clay matrix due to deformation as a result of compaction, 
(crossed nicols) (xl75). 
F. An elongated schist fragment in the centre of photograph 
(crossed nicols) (x60). 
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stall ine grains which are easily recognized and distinguished from 
monocrystalline 'common' quartz by character is t ic features, such 
as elongated and lensoid shape, abundant healed fractures, and highly 
undulose extinction. 
Mica 
Both muscovite and biotite occur as tiny to large elongate 
flakes with frayed ends (Plate HIE). The percentages of mica range 
from 1 to 23 percent and average 4.0 percent (Table 7). Biotite 
grains belong to two variet ies and are brown and green coloured. 
Detrital mica grains were recognised both by their relatively large 
size and definite detr i tal boundaries. In addition detr i tal mica grains 
usually showed the effects of compaction (Plate IIIF). Such grains 
are seen to curve around the adjacent quartz grains. 
Rock Fragments 
Rock fragments comprise 1 to 39 percent of the detri tal fraction 
and average 5.0 percent (Table 7). Both sedimentary and metamorphic 
rock fragments occur in the studied sandstones. The sedimentary 
rock fragments include shale, sil tstone and chert (Plate IV A,B,C). 
Metamorphic rock fragments include low rank metamorphic argi l l i tes , 
such as phyl l i t es , micaceous quartzite and schist (Plate IV D,E,F). 
Feldspar 
Feldspar constitutes 1 to 19 percent, and average 2,0 percent 
(Table 7). Three variet ies of feldspar have been recognized which 
include orthoclase, plagioclase and microcline (Plate VA-F). The 
PLATE V 
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C 
PLATE - V 
(Crossed nicols, 60 X) 
P ' a g i o c a s e f e l d s p a r g r a i n . 
D. Weathered p J a g i o C a s e f a l d s o a r • 
^«iaspar grain 
£• Microcline feldspar grain. 
Weathered microcline grain. 
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K - feldspar grains (orthoclase & microcline) exceed the plagioclase 
feldspar grains. The size of feldspar grains generally ranges from 
0.4 mm to 0.12 mm and is almost the same as that of the accompanying 
quartz grains. Feldspar grains are generally sub-equant with mostly 
sub-rounded to well rounded outlines. Some angular to sub-angular 
grains also occur. The studied feldspars are mostly fresh presenting 
a clear appearance. However, altered feldspars are also seen in 
some samples (Plate V B,D,F). 
Heavy Minerals 
Heavy minerals in the studied sandstones constitute 1 to 10 
percent and average 1.0 percent (Table 7) . They include opaques, 
tourmaline, s tauroli te , garnet, ruti le and zircon in order of abundance. 
Their distribution and amount are variable in different samples. 
Haematite and limonite are the dominant opaque minerals and 
occur as subangular to subrounded grains. Magnetite and limonite occur 
in low percentages. Magnetite occurs as subangular to subrounded 
grains and ilmenite as irregular grains. 
Tourmaline occurs as subrounded to rounded grains which 
include brown, reddish brown and green var ie t i es . Staurolite grains are 
colourless, yellowish brown and pale brown, subrounded to rounded 
and contain minute quartz inclusions. Garnet occurs as subangular to 
subrounded grains which are mostly colourless but brown and yellowish-
brown variet ies also occur. Rutile is present as reddish-brown and 
pale yellow, subangular to subrounded grains, which have a dir ty 
appearance. Zircon occurs in the form of subangular to rounded grains 
which are almost colourless but contain some inclusions of opaque 
and other minerals. 
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CLASSIFICATION OF CRETACEOUS SANDSTONES 
Class i f ica t ion schemes of sands tones a r e dev i s ed with a view 
to summarizing important d e s c r i p t i v e and /o r genet ic fea tures of a 
p a r t i c u l a r r o c k . Each of the many p roposed c la s s i f i ca t ions di f fers 
from the o the r e i t h e r in the kind, or emphas i s of a t t r i b u t e s upon 
which the scheme is b a s e d , depending on the p a r t i c u l a r goal of the 
a u t h o r . In the p resen t s t u d y , sands tones were c l a s s i f i ed in two ways : 
F o l k ' s (1968,1980) c lass i f i ca t ion was employed mainly for the nomencla-
tu re and d e s c r i p t i o n of s ands tones ; and c l a s s i f i ca t ion proposed by 
Dickinson and Suczek (1979) and Dickinson (1985) was used for the 
i n t e r p r e t a t i o n of provenance t y p e s . 
Classif ication Based on Fo lk ' s (1980) Scheme 
For c lass i fy ing the s tud ied sands tones according to F o l k ' s 
(1980) scheme, al l e s sen t i a l cons t i tuents were reca lcu la ted to 100 
percen t ignoring the percentages of clay m a t r i x , a l l chemical ly p r e c i p i -
t a t ed cements , g lauconi te , b i o c l a s t s , p e l o i d s , o o i d s , heavy minerals 
and micas . The e s sen t i a l cons t i tuents were a l lo t t ed to one of the t h r e e 
following p o l e s : Q-Pole included a l l t y p e s of quar tz (common quar tz , 
vein q u a r t z , r e c r y s t a l l i z e d metamorphic q u a r t z , s t r e t c h e d metamorphic 
q u a r t z , r eworked sed imentary q u a r t z ) ; F - pole included fresh and 
a l t e r e d f e l d s p a r s plus g ran i te and gneiss f ragments ; L - pole included 
all o the r rock fragments ( c h e r t , s h a l e , sands tone , s i l t s t o n e , p h y l l i t e , 
s l a t e , s c h i s t s , e tc ) (Table 8 ) . 
A large majori ty of the s tud ied samples a re quar tza ren i t e 
(152 s a m p l e s ) . The remaining few a r e l i t h a r e n i t e (14 s a m p l e s ) , f e ldspa th ic 
Table 8: P e r c e n t a g e s of f r a m e w o r k m o d e s of C r e t a c e o u s s a n d s t o n e s , NE Gujarat ( b a s e d on 
F o l k ' s s c h e m e ) 
99 
Sa m p1e Q 
No. 
Sample 
No. 
NASWADI SECTOR 
16 
19 
21 
24 
26 
28 
30 
32 
35 
37 
39 
42 
63 
65 
70 
79 
81 
83 
86 
95 
97 
99 
103 
111 
113 
115 
117 
119 
122 
125 
127 
129 
143 
145 
149 
129 
195 
197 
199 
202 
1 
7 
16 
21 
27 
30 
34 
44 
53 
57 
76 
89 
97 
101-
105 
120 
266 
280 
282 
297 
300 
302 
317 
320 
373 
375 
379 
382 
98 
98 
98 
98 
96 
95 
95 
96 
98 
95 
100 
100 
90 
98 
95 
98 
100 
100' 
98 
96 
97 
98 
98 
100 
100 
100 
100 
99 
100 
100 
100 
100 
100 
100 
100 
100 
98 
98 
100 
98 
97 
98 
96 
95 
98 
98 
96 
97 
95 
97 
96 
100 
99 
96 
96 
99 
97 
100 
98 
100 
95 
100 
98 
96 
98 
98 
95 
99 
2 
-
2 
-
-
2 
3 
2 
-
3 
-
-
-
-
5 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
2 
-
2 
2 
1 
-
3 
1 
-
2 
2 
-
-
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
2 
-
2 
4 
3 
2 
2 
2 
2 
-
-
10 
2 
-
2 
-
-
2 
4 
3 
2 
2 
-
_ 
-
-
1 
-
-
-
_ 
-
-
-
-
2 
2 
-
2 
1 
2 
2 
3 
1 
2 
1 
2 
5 
1 
2 
-
1 
3 
4 
1 
3 
-
2 
-
5 
-
2 
4 
2 
2 
5 
1 
18 
20 
22 
25 
27 
29 
31 
34 
36 
38 
40 
52 
64 
67 
71 
80 
82 
84 
94 
96 
98 
102 
no 
112 
114 
116 
118 
120 
124 
126 
128 
130 
144 
148 
150 
193 
196 
198 
201 
HIMATNAGAR 
2 
11 
17 
23 
28 
33 
42 
47 
55 
61 
79 
S3 
99 
103 
107 
265 
267 
281 
295 
299 
301 
315 
319 
321 
374 
377 
380 
383 
98 
98 
100 
98 
99 
99 
98 
97 
96 
97 
100 
98 
96 
91 
95 
100 
100 
100 
100 
100 
97 
100 
100 
100 
100 
98 
98 
100 
98 
98 
100 
100 
100 
100 
100 
100 
100 
98 
98 
SECTOR 
98 
98 
98 
97 
98 
97 
95 
98 
99 
97 
4 
98 
99 
95 
96 
96 
95 
98 
98 
95 
98 
97 
98 
98 
96 
98 
96 
100 
-
-
-
2 
1 
1 
2 
3 
4 
3 
-
_ 
-
-
-
-
-
-
-
-
-
-
-
-
_ 
-
-
-
_ 
-
_ 
_ 
-
-
-
-
-
-
-
_ 
1 
1 
1 
1 
1 
2 
-
1 
1 
1 
-
-
2 
2 
-
-
-
-
-
_ 
-
-
_ 
-
-
-
_ 
2 
2 
. 
-
-
-
-
1 
-
-
-
2 
4 
9 
5 
-
-
-
-
-
3 
-
-
-
_ 
2 
2 
-
2 
2 
-
_ 
-
-
-
-
_ 
2 
2 
2 
1 
1 
2 
1 
2 
3 
2 
-
2 
5 
2 
1 
3 
2 
4 
5 
2 
2 
5 
2 
3 
2 
2 
4 
2 
4 
-
Table 8 (Contd.) 
FATEHPUR SECTOR 1 0 0 
1 
3 
5 
222 
224 
226 
228 
230 
232 
234 
236 
7 
9 
12 
15 
H A 
439 
441 
443 
445 
447 
74 
73 
58 
57 
73 
73 
72 
64 
75 
58 
63 
10.0 
100 
100 
100 
100 
100 
100 
100 
100 
98 
15 
12 
19 
15 
4 
4 
2 
6 
4 
2 
7 
-
-
-
~ 
-
-
-
-
_ 
1 1 
15 
23 
28 
23 
23 
26 
30 
21 
40 
30 
PAVAGARH 
_ 
-
-
-
. 
-
-
-
2 
2 
4 
6 
223 
225 
227 
229 
231 
233 
235 
SECTOR 
8 
11 
13 
UA 
438 
440 
442 
444 
446 
44fi 
68 
67 
53 
72 
58 
64 
64 
70 
61 
63 
100 
100 
100 
100 
98 
100 
98 
99 
100 
on 
14 
10 
15 
3 
10 
4 
4 
5 
7 
2 
-
18 
23 
32 
25 
32 
32 
32 
25 
32 
S^ 
2 
2 
1 
101 
l i tharenite (6 samples), subli tharenite (3 samples) and l i thic arkose 
(one sample) (Table 8, Fig. 28). 
Classification Based On Dickinson's (1985) Scheme 
Dickinson's classification (1985) puts emphasis on tectonic 
setting of the provenance which apparently exerts primary control 
on sandstone composition. However, secondary factors (relief, climate, 
transport mechanism, depositignal environment, diagenesis) can also 
play important role in determining the sandstone composition. 
In the present study, classification of sandstones according 
to Dickinson's scheme was attempted and detr i tal modes were recalculated 
to 100 percent as the sum of Qm, Qp, P, K, Iv, and Ls (Tables 9&10). 
Intrabasinals grains (Zuffa, 1980) and heavy minerals were ignored. 
The percentages of heavy minerals are ignored as they are highly 
variable as a result of variable response to hydrodynamic and geochem-
ical influences. Similarly, extrabasinal carbonate grains or detri tal 
limeclasts (Lc) are also not considered with other l i thic fragments. 
Such grains show vastly different geochemical response during weathering 
and diagpnesis and may be confused easily with intrabasinal carbonate 
grains ( intraclasts , bioclasts , ooliths , pe lo ids) . 
For the study of provenance, the present study employed 
two triangular diagrams: Qt-F-L and Qm—F-Lt (Dickinson, 1985) (Fig. 29A, 
30A). The two diagrams show compositional fields characterist ic of 
different provenances: Qt-F-L, with emphasis on maturity and Qm-
F-Lt, with emphasis on source rock. 
The studied samples in first triangular diagram (Qt-F-L plots) 
lie dominantly in the craton interior field (138 samples) (Fig. 29C-
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Table 9: Classification and symbols of grain types 
(after Dickinson, 1985) 
103 
A - Quartzose Grains (Qt = Qm + Qp) 
Qt = total quartzose grains 
Qm = monocrystalline quartz ( 0.625 mm) 
Qp = polycrysta 11ine quartz (or chalcedony) 
B - Feldspar Grains (F = P + K) 
F = total feldspar grains 
P = plagioclase grains 
K = Kspar grains 
C - Unstable lithic fragments (L = Lv + Ls) 
L = total unstable lithic fragments 
Lv = vo1canic/metavo1canic lithic fragments 
Ls = sedimentary/metasedimentary lithic fragments 
D - Total Lithic Fragments (Lt = L + Qp) 
Lc = extrabasinal detrital limeclasts (not included 
in L or Lt ) . 
104 
Table 10: Percentages of framework modes of Cretaceous sands tones , NE Gujarat (based 
on Dickinson 's , 1985 s c h e m e ) . 
Sample Qt F L Qm F Lt Qp Lv Ls Qp 
Number 
NASWADI SECTOR 
16 
18 
19 
20 
21 
22 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
42 
62 
63 
64 
65 
67 
70 
7] 
79 
80 
81 
82 
83 
84 
86 
94 
95 
96 
97 
98 
99 
102 
103 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
122 
124 
125 
126 
127 
128 
129 
130 
143 
144 
145 
98 
98 
98 
98 
98 
100 
98 
98 
98 
99 
96 
99 
95 
98 
96 
97 
98 
96 
94 
97 
100 
100 
100 
99 
100 
97 
99 
99 
97 
98 
98 
100 
100 
100 
100 
100 
98 
100 
96 
100 
97 
97 
98 
100 
98 
100 
100 
100 
100 
100 
100 
98 
100 
98 
99 
100 
100 
98 
100 
98 
100 
100 
100 
100 
100 
100 
100 
2 
-
-
-
2 
-
-
2 
-
1 
2 
1 
3 
2 
2 
3 
-
4 
3 
3 
-
-
-
-
-
-
-
-
3 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_ 
-
-
-
-
-
-
-
-
-
-
-
_ 
-
-
-
-
-
-
-
-
-
-
2 
2 
2 
-
-
2 
-
2 
-
2 
-
2 
-
2 
-
2 
-
3 
-
-
-
_ 
1 
-
3 
1 
1 
-
2 
2 
-
-
-
-
2 
-
4 
-
3 
3 
2 
-
2 
-
-
-
-
-
-
2 
-
2 
1 
-
-
2 
-
2 
-
-
-
_ 
-
-
-
94 
96 
96 
84 
86 
90 
93 
94 
98 
95 
92 
98 
94 
82 
90 
84 
98 
83 
94 
92 
95 
92 
90 
89 
88 
90 
97 
94 
94 
94 
98 
91 
92 
96 
98 
92 
96 
91 
91 
89 
91 
89 
89 
97 
96 
98 
86 
86 
90 
98 
96 
89 
98 
92 
81 
98 
o', 
90 
98 
91 
98 
97 
97 
90 
90 
88 
98 
2 
-
-
-
2 
-
-
2 
-
1 
3 
1 
4 
2 
2 
3 
-
4 
3 
3 
-
-
-
-
-
-
-
1 
4 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_ 
-
-
-
-
-
-
-
4 
4 
4 
16 
12 
10 
7 
4 
2 
4 
5 
1 
2 
16 
8 
13 
2 
13 
3 
5 
5 
8 
10 
11 
12 
10 
3 
5 
2 
6 
2 
9 
8 
4 
2 
8 
4 
9 
9 
11 
9 
11 
11 
3 
4 
2 
14 
14 
10 
2 
4 
11 
2 
8 
19 
2 
3 
10 
2 
9 
2 
3 
3 
10 
10 
12 
2 
100 
67 
67 
82 
100 
100 
75 
100 
100 
100 
67 
100 
100 
100 
75 
100 
67 
100 
67 
100 
100 
100 
100 
99 
100 
70 
ZG 
100 
100 
80 
67 
100 
100 
100 
100 
100 
67 
100 
78 
100 
75 
73 
82 
100 
67 
100 
100 
100 
100 
100 
10 0 
80 
100 
75 
86 
100 
100 
80 
100 
78 
100 
100 
100 
100 
100 
100 
100 
-
33 
33 
18 
-
-
25 
-
-
-
33 
-
-
-
25 
-
33 
-
33 
-
-
-
-
1 
-
30 
ZQ 
-
-
20 
33 
-
-
-
-
-
33 
-
22 
-
25 
27 
18 
-
33 
-
-
-
-
-
-
20 
-
25 
14 
-
-
20 
-
22 
-
-
-
-
-
-
-
98 
100 
100 
100 
98 
100 
100 
98 
100 
99 
96 
99 
96 
98 
98 
97 
100 
95 
98 
97 
100 
100 
100 
100 
100 
100 
100 
99 
96 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
luC 
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100 
100 
100 
100 
100 
100 
100 
100 
1 
-
-
-
2 
-
-
-
-
-
-
-
2 
1 
2 
1 
-
1 
2 
2 
-
-
-
-
-
-
-
-
2 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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-
1 
1 
2 
• -
-
-
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-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Table 10 (Contd.) 105 
148 
149 
150 
192 
193 
195 
196 
197 
198 
199 
201 
202 
1 
2 
7 
11 
16 
17 
21 
23 
27 
28 
30 
33 
34 
42 
44 
47 
53 
55 
57 
71 
76 
79 
89 
93 
97 
99 
101 
103 
105 
107 
120 
265 
266 
267 
280 
281 
282 
295 
297 
299 
300 
301 
302 
315 
317 
319 
320 
321 
373 
374 
375 
377 
379 
380 
382 
383 
100 
100 
100 
100 
100 
98 
100 
98 
98 
100 
98 
98 
98 
99 
99 
99 
97 
99 
96 
99 
99 
99 
99 
98 
97 
96 
98 
99 
98 
99 
98 
98 
96 
97 
100 
98 
99 
99 
97 
96 
98 
98 
99 
96 
97 
95 
100 
98 
98 
98 
95 
100 
93 
98 
100 
97 
98 
98 
93 
98 
96 
97 
98 
98 
97 
96 
98 
100 
-
-
-
-
-
-
-
-
-
-
-
-
2 
-
-
1 
2 
1 
2 
1 
1 
1 
-
1 
3 
2 
1 
-
-
1 
1 
1 
2 
2 
-
-
-
-
1 
2 
2 
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
2 
-
2 
2 
-
2 
2 
-
1 
1 
-
1 
-
2 
-
-
-
1 
1 
-
2 
1 
1 
2 
-
1 
1 
2 
1 
-
2 
1 
1 
2 
2 
-
1 
1 
4 
3 
5 
-
2 
2 
2 
5 
-
7 
2 
-
3 
2 
2 
7 
2 
4 
3 
2 
2 
3 
4 
2 
-
77 
96 
93 
82 
97 
78 
95 
93 
91 
95 
78 
92 
93 
97 
97 
96 
83 
96 
88 
67 
85 
96 
94 
95 
91 
94 
90 
92 
89 
98 
95 
79 
89 
75 
98 
94 
98 
95 
94 
85 
91 
93 
96 
96 
97 
95 
100 
98 
98 
92 
90 
92 
86 
91 
100 
90 
95 
98 
92 
94 
78 
95 
98 
93 
95 
96 
98 
72 
-
-
-
-
-
-
-
-
-
-
-
-
HIMATNAGAB 
2 
-
-
1 
2 
1 
2 
1 
1 
1 
-
1 
3 
2 
1 
-
-
1 
3 
1 
2 
1 
-
-
-
-
1 
3 
-
2 
-
-
-
-
_ 
-
-
-
_ 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
23 
4 
7 
18 
3 
22 
5 
7 
9 
5 
22 
8 
100 
100 
100 
100 
100 
91 
100 
71 
78 
100 
91 
72 
: SECTOR 
5 
3 
3 
3 
15 
3 
10 
32 
14 
3 
6 
4 
6 
4 
9 
8 
11 
1 
2 
20 
9 
24 
2 
6 
2 
5 
5 
12 
9 
5 
4 
4 
3 
5 
_ 
2 
2 
8 
10 
8 
14 
9 
-
10 
5 
2 
8 
6 
22 
5 
2 
7 
5 
4 
2 
28 
100 
100 
67 
67 
93 
67 
89 
97 
92 
67 
60 
33 
83 
50 
78 
75 
73 
100 
67 
90 
75 
85 
100 
83 
50 
80 
60 
100 
75 
60 
75 
-
-
_ 
_ 
-
-
100 
88 
100 
85 
98 
100 
78 
67 
100 
73 
72 
80 
78 
83 
67 
67 
67 
67 
100 
-
-
-
-
-
9 
-
29 
ZZ 
-
9 
28 
_ 
-
33 
33 
7 
33 
11 
3 
8 
33 
40 
67 
17 
50 
22 
25 
27 
-
33 
10 
25 
15 
-
17 
50 
20 
40 
-
25 
40 ' 
25 
_ 
• 
_ 
_ 
100 
100 
_ 
12 
-
15 
2 
-
22 
33 
_ 
27 
28 
20 
Zl 
17 
23 
33 
33 
33 
-
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
98 
100 
100 
99 
98 
99 
98 
99 
94 
99 
100 
99 
99 
89 
99 
100 
100 
98 
98 
99 
98 
99 
100 
100 
100 
100 
99 
96 
100 
98 
100 
100 
100 
100 
_ 
_ 
-
100 
100 
100 
98 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
-
-
-
-
-
-
-
-
-
-
-
-
2 
-
-
1 
2 
1 
2 
1 
6 
1 
-
1 
1 
11 
1 
-
-
2 
2 
1 
2 
1 
-
-
-
-
1 
4 
-
2 
_ 
_ 
_ 
_ 
_ 
_ 
-
_ 
_ 
_ 
2 
_ 
_ 
-
-
_ 
_ 
_ 
-
-
-
_ 
-
_ 
_ 
-
T a b l e 10 ( C o n t d . ) 
FATEHPUR SECTOR 
1 
2 
3 
4 
5 
6 
III 
Hi 
224 
225 
226 
in 
118 
229 
230 
231 
232 
233 
234 
235 
236 
80 
78 
83 
81 
71 
77 
82 
89 
88 
80 
88 
85 
90 
85 
83 
87 
88 
86 
88 
87 
79 
15 
14 
12 
12 
20 
15 
8 
2 
3 
10 
4 
4 
1 
4 
7 
4 
4 
7 
1 
2 
7 
5 
8 
5 
7 
9 
8 
10 
9 
9 
10 
8 
11 
9 
11 
10 
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F ) . About IZ percent samples (38 samples ) l ie in the r ecyc l ed erogenic 
f i e l d . In the second diagram (Qm-F-Lt p l o t s ) , maximum number of sam-
p l e s fall in the craton i n t e r i o r f ie ld (127 samples ) ( F i g . 30C-F) . 
Another 25 percent samples (44 samples ) fall in the quar tzose recyc led 
field and only one sample fa l l s in the ' m i x e d ' f ie ld and 4 samples 
l ie in the t r ans i t i ona l r ecyc l ed f i e l d . 
Qt-F-L and Qm-F-Lt d iagrams may be employed for d i s c -
r imina t ion of sands d e r i v e d from var ious t y p e s of provenances in 
continental b locks , magmatic a r c s and r ecyc l ed orogens . In t h i s context , 
continental b locks a re t ec ton ica l ly consol ida ted regions composed essen t -
i a l l y of amalgamations of ancient erogenic be l t s tha t have been eroded 
to t h e i r deep sea ted roots and lack any r e l i c t genetic r e l i e f . Magmatic 
a r c s a re be l t s of p o s i t i v e re l ie f composed dominantly of penecontempor-
aneous associa t ion of orogenet ic volcanic and plutonic igneous r o c k s , 
t oge the r with assoc ia ted metamorphic w a l l r o c k s , produced by continuing 
subduct ion along a r c - t r e n c h s y s t e m . Recycled orogens include the deformed 
and upl i f ted sup rac rus t a l s t r a t a , dominantly sed imentary but a lso 
volcanic in p a r t , exposed in va r i ed fold t h r u s t be l t s of erogenic 
r e g i o n s . 
INTERPRETATION OF PROVENANCE 
The term 'P rovenance ' r e f e r s p r i m a r i l y to the source rocks 
from which the sediments were d e r i v e d . Each t y p e of source rock 
t e n d s to y ie ld a d i s t i n c t i v e su i t e of minera ls which the re fo re const i tu te 
a guide to the c h a r a c t e r of t h a t r o c k . But the composit ion of a sediment 
is not de termined solely by the na ture of the source r o c k s , it is 
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also a function of the climate and relief within the distr ibutive 
province which determines the maturity of the residues derived 
from such a province. The source composition is reflected in the 
types of detr i ta l grains. The interpretation of source rock composition 
of the sandstones under study is mainly based on Krynine's (1948) 
genetic classification of detr i tal quartz as modified by Folk (1968) 
and Petti John's (1975) review of the concepts and principles involved 
in determination of provenance. 
Common quartz is dominant in the studied sandstones averaging 
80 percent, whereas vein quartz (average 4.0 percent) , recrystall ized 
metamorphic quartz (average 2 percent) and stretched metamorphic 
quartz (average 5.0 percent) occur in low percentages. Common quartz 
is derived mainly from granite batholith or granite gneisses. Vein 
quartz suggests derivation from pegmatites, hydrothermal and much 
more rarely sedimentary vein fi l l ings. Recrystallized metamorphic 
quartz indicates origin from recrystal l ized metaquartzites, highly 
metamorphosed and gneissic rocks. Stretched metamorphic quartz 
was probably derived from granite, schis ts or quartz vein. 
The mica grains including muscovite and biotite represent 
a source comprising granites, pegmatites or sch i s t s . The heavy mineral 
suite includes opaques, tourmaline, s taurol i te , garnet, ruti le and 
zircon. The well rounded grain pf tourmaline and zircon suggest recycl-
ing of sediments. Euhedral zircon grains indicate acid igneous rocks 
in the provenance is indicated by ru t i le . Garnet and staurolite indicate 
the presence of high rank metamorphic rocks in the source area 
(Pettijohn, 1975). 
I l l 
The feldspar types (Plagioclase, microcline, orthoclase) indicate 
a source comprising basic igneous rocks, and plutonic rocks and 
gneisses. Rock fregments suggest the presence of low grade metamorphic 
rocks in the provenace. 
The study of detr i tal mineralogy of the studied sandstones 
has demonstrated the presence of a variety of rock types in the 
provenace. The low rank metamorphic source rocks are represented 
by phyl l i te fragments, and micas (biotite and muscovite); the high 
rank metamorphic rocks are represented by garnet, metamorphic 
quartz, micas (muscovite and b io t i te ) . Acid igneous rocks are represen-
ted micas (muscovite and biot i te) , zircon, igneous quartz, and tourmal-
ine, Basic igneous rocks are represented by ru t i le . 
The percentages of mean framework modes of sandstones of 
the Naswadi sector, calculated on the basis of Dickinson and Suczek (1979) 
scheme, are Qt 98.5 percent, F 0.5 percent and L 1.0 percent. The 
mean modal composition of these sandstones is comparable to those 
described from south-western Montana Palaeozoic (Mclane, 1971, 
72), Cretaceous-Tertiary deposits of the middle Mississipi (Potter 
and Pryor , 1961), Carboniferous unit of eastern interior coal Basin 
(Potter and Pryor, 1961, Siever, 195 7) and mid Paleozoic formation 
of Illinois-Michigan basins (Potter and Pryor, 1961). These sedimentary 
rocks have been interpreted as to represent especially mature detritus 
that accumulate within p l a t f o r m succession or interior basins of 
the continental blocks (Dickinson and Suczek, 1979). 
The main sources for craton derived quartzose sand are low 
lying granite and gneissic exposures of the Shield areas supplemented 
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by recycling of associated flat lying platform sediments. High quartz 
contents and high ratios of K-feldspar to plagioclase reflect intense 
weathering on craton with low relief and prolonged transport across 
continental types having low gradients . Essentially pure quartz sands, 
as those of Naswadi sector, represent especially mature detritus 
that accumulates within platform successions or interior basins of 
the continental blocks. The Qt-F-L compositional plot of sandstone 
samples of the Naswadi area constructed on the basis of scheme 
devised by Dickinson and his associates shows that the sandstones 
mostly belong to the craton interior provenance (Fig. 29 D). 
The average percentages of Qm- F and Lt modes in sandstones 
in the Naswadi sector are 92 percent, 0.5 percent and 7.5 percent 
respect ively . These also reflect the Craton interior provenance. 
However, higher percentages of Lt mode ranging upto 23 percent 
in some samples suggest transition to recycled orogen provenance. 
The Qm-F-Lt plot (Fig.SOD) which lays s t ress on source rocks, shows 
that the samples are derived both from continental block provenance 
and recycled orogen provenance. 
The sandstone samples of the Himatnagar sector are also quartz 
rich with Qt percentages ranging from 93 to 100 percent and averaging 
98 percent. The F and L modes average 0.5 percent and 1.5 percent 
respect ive ly . The very high percentages of resistant quartzose grains 
and low percentages of F and L modes suggest craton interior or 
passive platform setting. The average percentages of Qm, F and 
Lt modes in these sandstones are 92 percent, 0.5 percent and 7.5 
percent respectively which again suggest continental block provenance. 
The Qt-F-L and Qm-F-Lt plots of the samples (Fig. 29F, 30F) show 
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orogen provenances. 
Similarly, the sandstone samples of the Pavagarh sector are 
highly rich in quartz with Qt averaging 99.50 percent. The F mode 
is absent and L mode averages 0.5 percent. The average percentages 
of Qm- F and Lt of Pavagarh samples are 94.50 percent, 0 percent 
and 5.5 percent respect ively. The highly quartzose sandstones of 
the Pavagarh sector were also derived from a stable Craton provenance. 
The Qt-F-L and Qm- F-Lt plots show that all the samples points 
fall within the craton interior provenance field. 
The Qt-F and L modes in the sandstones of the Fatehpur 
sector average 83.50, 7.50 and 9.0 respect ive ly . In some samples 
the maximum percentages of F mode reach 20 percent and for the 
L mode 14 percent. The average percentages of Qm, F and Lt modes 
of these samples are 61.5 percent, 7.5 percent and 31.0 percent 
respect ive ly . Thus the modal composition of these sandstones is 
markedly different from the modal composition of the sandstones 
of the other sectors . The modal composition of sandstones of Fatehpur 
sector match these of Appennine Cretaceous of Italy (Sestini, 1970), 
Carboniferous l i thic sandstones of Ouachita mountains, Arkansas 
(Graham et a l , 1976) and Ordovician Plynlimon Group of Wales (James, 
1971). All these ancient examples are interpreted to represent recycled 
orogen provenance. Both Qt-F-L and Qm-F-Lt plots of sandstone samples 
from the Fatehpur sector suggest derivation mainly from recycled 
orogen provenance. 
Among the four sectors, sandstones of the Pavagarh sector 
show the maximum mineralogical maturity followed by the sandstones 
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of the Naswadi and Himatnagar sector which show sl ightly less mineral-
ogical maturity. The sandstones of the 3 sectors were derived from 
a stable craton and partly from recycled orogen provenance. However, 
a marked variation towards mineralogical immaturity is seen in the 
sandstones of the Fatehpur sector which were mainly derived from 
recycled orogen provenance. 
An idea of the provenance of the Cretaceous sandstones of 
NE Gujarat can be formed by studying the distr ibution of Pre-Cretaceous 
rocks in an around the study area. The Cretaceous sedimentary 
rocks rest on the Precambrian basement with a pronounced unconformity. 
To the N and NE of Himatnagar, Precambrian rocks of Delhi 
and Aravalli Supergroup outcrop. These rocks consist of mainly 
quartzites and phyl l i tes which contain garnet, staurolite and magnetite 
at places were metamorphism is more severe . Idar granite has intruded 
in these rocks. 
In the Panchmahal dis t r ic t exposures of Precambrian rocks 
commence from beneath the alluvium at Pavagarh hi l ls and continue 
eastward for 150 km in the form of a wedge shaped bel t . The greater 
part of l i t h i c belt is occupied by gneisses but at several places 
there are outcrops of metasediments of the Aravalli Supergroup. . 
These metasediments comprise s la tes , phyl l i tes and mica schists 
with intercalations of quartzi tes . In addition, there are conglomerates, 
impure limestones, ferruginous bands, amphibolites and other hornblendic 
greicistones. The Aravalli rocks continue southward towards Naswadi 
area and eastwards to Fatehpur. A large patch of gneisses outcrops 
NE of the Naswadi area. 
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The abundant quartzs in the study area originated from gneisses 
and quartzites and from intrusive granites. The paucity of feldspar 
indicates their destruction by intense weathering. The occurrance 
of both weathered and fresh feldspars in the Cretaceous sandstones 
is interesting and perhaps reflects a dual source; highly weathered 
granite-gneiss terrain shedding weathered feldspar and recycled erogenic 
provenance contributing fresh feldspar . The well rounded grains 
of tourmaline and zircon were perhaps derived from Aravalli sandstones 
and quartzi tes. The intrusive granites yielded euhedral grains of 
zircon. The garnet and staurolite grains originated from Aravalli 
pelitic metasediments which have been described to attain high rank 
metamorphism at places. Thus modal composition of Cretaceous sandstones 
of the study area matches the composition of Precambrian rocks 
occurring in the area. 
The Cretaceous sandstones of the Fatehpur area contain a 
higher proportion of phyll i te and chert fragments and appear to 
have originated from a recycled orogenic provenance. 
CHAPTER IV 
PALAEOCURRENTS AND SEDIMENT DISPERSAL 
INTRODUCTION 
Pa l aeocu r r en t s . g ive v i t a l information on pa laeogeography , 
sandbody geometry and sediment provenance (Pot ter and Pet t i john, 
1978). Moreover^ pa laeocur ren t p a t t e r n s a l so p r o v i d e a clue to d e p o s i t -
ional environments (Klein, 1967; Se l l ey , 1968). 
La rge - sca l e se t s of c r o s s - b e d d i n g cons t i tu te one of the 
most commonly used sources of pa l aeocur ren t information for ancient 
s ed imen t s . In the p resen t s tudy a lso pa laeocur ren t recons t ruc t ions 
a re mainly based on l a r g e - s c a l e p lana r and trough c r o s s - b e d d i n g . 
Ripple marks were obse rved occas iona l ly in the s tudy area and t h e i r 
pa laeogeographic i n t e r p r e t a t i o n was not a t t empted in view of the 
def ic ient d a t a . Palaeocurrent s tudy was c a r r i e d out in severa l s tages 
which inc luded : 1) measurement of c r o s s - b e d d i n g azimuths in the 
f i e ld ; 2) s t a t i s t i c a l ana lys i s of az imuthal da ta ; and 3) i n t e rp re t a t i on 
of sediment d i s p e r s a l pa t t e rns and p a l a e o s l o p e . Pa laeocurrent i n t e r p r e t a -
tion was combined with s tud ies and i n t e r p r e t a t i o n of the facies for 
maximum informat ion. 
Pa laeocur ren t s a re s lope con t ro l led in f l uv ia l , de l t a i c 
and (most) t u r b i d i t e envi ronments . But in eol ian and marine shore l ine 
environments pa laeocur ren t s do not show a def in i te r e l a t i o n s h i p to 
s l o p e . Klein (1967) rev iewed the r e l a t i o n s h i p between sedimentary 
s t r u c t u r e s , pa laeocur ren t s and pa laeos lope in modern d e p o s i t s . Selley 
(1968b) d e s c r i b e d a number of regional pa laeocur ren t models which 
were recognized in ancient sed imentary d e p o s i t s . 
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CROSS-BEDDING 
Both p lanar and trough t y p e s of c r o s s - b e d d i n g (Mckee 
and Weir, 1953) a re common in the s tudy area but p lanar c ros s -bedd ing 
is more common. Cross -bedd ing was fu r the r d i s t i n g u i s h e d , according 
to s c a l e , as sma l l - s ca l e and l a r g e - s c a l e . Set t h i c k n e s s of 4 cm was 
taken as the l imit between the two ca tegor ies (Allen, 1968), Ripple 
marks were l e s s commonly o b s e r v e d . 
Cross -bedd ing of the s tudy a rea was s tud ied with r e spec t 
to i) sca le ( t h i cknes s of s e t s of c r o s s - b e d d i n g ) ; i i ) incl inat ion (dip 
angle of fo rese t s with r e s p e c t to the t rue b e d d i n g ) ; and i i i ) the 
az imuths of d ip of the fo rese t s and t h e i r v a r i a b i l i t y . A total of 
150 measurements of t h i c k n e s s e s of c r o s s - b e d d i n g se t s were col lected 
from 31 loca l i t i e s of the s tudy a r e a . The set t h i c k n e s s e s range from 
2 to 100 cm and average 10 cm. The frequency d i s t r i b u t i o n of set 
t h i c k n e s s e s , grouped in 5 cm c l a s s e s , is by and la rge unimodal and 
asymmetr ica l (F ig . 31) . The mode l i e s in the 5-10 cm c lass which 
contains o n e - t h i r d of the tota l v a l u e s . 
The incl inat ion of c r o s s - b e d d i n g was measured on foreset 
p lanes of p lanar c r o s s - b e d d i n g and on r a r e l y exposed trough a x e s . 
A tota l of 263 incl inat ion values were measured at 31 loca l i t i e s of 
the s tudy a r e a . The incl inat ion va lues range from 2° to 32°, averaging 
11°. The frequency d i s t r i b u t i o n of incl inat ion va lues grouped in 5-
degree c l a s s e s is weakly bimodal and a symmet r i ca l . The p r imary 
mode l ies in the 0° to 5° c lass and cons i s t s of 29 percent of the 
total popula t ion . The secondary mode lying in the 10° to 15° c lass 
contains 26 percent of total va lues ( F i g . 3 2 ) . 
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VARIABILITY OF CROSS-BEDDING AZIMUTHS 
Methods and Presentation of Data 
Most of the azimuthal data were collected from the cross-
bedded sandstones in the Naswadi, Himatnagar, Fatehpur and Pavagarh 
sectors . A total of 722 cross-bedding azimuths were collected at 31 
localities of the study area. For analyzing azimuthal data rose diagrams 
were constructed by grouping cross-bedding azimuths in 30° c lasses . 
The var iabi l i ty analysis of cross-bedding azimuths involved 
the following s teps : 1) study of the patterns of rose diagrams; 2) 
calculation of vector mean {Qv) and vector magnitude (L%) by vector 
summation method of Curray (1956); and 3) calculation of standard 
deviation (S) and variance (S ) by conventional stat ist ical methods. 
S and S were determined for distr ibutions with 20 or more azimuths. 
'Modal' vector means were also calculated for each mode 
of a polymodal distr ibution. This was considered necessary in view 
of the possible involvement of two or more independent depositing 
current systems, as first pointed out by Tanner (1959) for correctly 
analysing polymodal distributions in general. The calculation of 'modal 
vector mean' involved splitting of the subpopulaticns as the first s t e p . . 
The subpopulation were spli t across the shared classes consisting 
of the lowest frequencies (Kelling, 1969). Vector mean azimuth for 
each subpopulation clustering around a mode was calculated separately 
and was designated 'modal vector mean'. 
The var iabi l i ty analysis of cross-bedding azimuths was 
carried out at three different levels : locality level, sector level 
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and area level . The area was divided into 4 sectors covering 31 localities, 
Pattern of Rose Diagrams 
The locality level map of the var iabi l i ty of cross-bedding 
azimuths in the Naswadi sector demonstrates that polymodal distributions 
are dominant (Fig. 33, Table 11). Even if the minor modes are ignored, 
the distributions are bimodal or trimodal. In the Himatnagar sector 
all the locality level distributions are polymodal (Fig. 34). Trimodal 
distributions are common followed by bimodal and quadrimodal dis t r ibu-
tion. The three localities of Fatehpur sector each show unimodal, 
bimodal and quadrimodal distr ibution (Fig. 35A). The single locality 
of Pavagarh sector shows trimodal distribution (Fig. 35B). The cross-
bedding azimuths of the study area are thus characterized by polymodal 
distr ibutions at the locality level . Among the polymodal distributions 
bimodal and trimodal distributions are common, and quadrimodal dis t r ibu-
tions are occasional. Many bimodal locality level distributions are 
bipolar with two modes oriented at 180°. In other bimodal locality 
level d is t r ibut ions , the two modes are oriented at approximately 90°. 
In trimodal and quadrimodal locality level dis tr ibut ions, the various 
modes are oriented at nearly 90°. 
Among the sector level distr ibutions three are trimodal 
and one is bimodal (Fig. 36). The area aggregate distribution is trimodal 
(Fig. 36). 
In the Naswadi sector, at the locality level, the main 
or primary mode is directed NW, SW or SE. In the trimodal distr ibutions, 
the primary mode is generally directed NW, and there is a SE-directed 
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Table 11: Patterns and stat is t ical parameters of the variabi l i ty of cross-bedding azimuths 
(Planar & trough combined). Cretaceous sandstones, northeastern Gujarat. 
2 Ov = Vector mean: L% Vector Magnitude; S = Standard deviat ion, S = Variance 
Locali ty, Sector 
Area 
Pat tern Ov 
(degrees) 
L% 
Locality level 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29. 
30. 
31 
18 
37 
43 
13 
46 
31 
30 
21 
33 
25 
29 
19 
6 
36 
28 
21 
24 
11 
17 
11 
22 
15 
2^ 
6 
30 
8 
13 
18 
36 
27 
28 
Unimodal 
Unimodal 
Trimodal 
Trimodal 
Bimodal 
Bimodal 
Unimodal 
Trimodal 
Quadrimodal 
Quadrimodal 
Trimodal 
Bimodal 
Biomadal 
Quadrimodal 
Bimodal 
Quadrimodal 
Trimodal 
Bimodal 
Bimodal 
Quadrimodal 
Trimodal 
Trimodal 
Trimodal 
Quadrimodal 
Trimodal 
Trimodal 
Biomodal 
Unimodal 
Quadrimodal 
Biomodal 
Trimodal 
305 
304 
342 
319 
190 
311 
303 
241 
262 
109 
238 
159 
166 
245 
171 
216 
201 
180 
108 
19 
203 
347 
342 
309 
59 
158 
235 
62 
58 
63 
233 
89.63 
42.00 
49.79 
56.52 
69.91 
70.83 
76.66 
44.44 
41.12 
64.94 
24.00 
74.79 
62.19 
37.18 
7.64 
34.59 
60.79 
65.45 
60.78 
27.78 
63.47 
32.19 
12.50 
20.65 
59.43 
45.39 
29.21 
82.61 
69.16 
82.59 
32.59 
27.22 
69.59 
71.47 
74.27 
56.32 
50.75 
44.00 
72.17 
72.65 
79.43 
80.62 
53.15 
70.99 
78.06 
48.00 
78.65 
65.83 
57.51 
64.93 
-
54.15 
-
-
-
50.37 
75.70 
79.30 
35.97 
53.87 
35.45 
58.26 
741 
4843 
5109 
5517 
3172 
7576 
1936 
5208 
5278 
6309 
6500 
2825 
5040 
6094 
2304 
6137 
3230 
3307 
4217 
-
2432 
-
-
-
2538 
5731 
6320 
1294 
29.03 
1257 
3395 
Sector level 
Naswadi Sector 
Himatnagar Sector 
Fatehpur Sector 
Pavagarh Sector 
471 
142 
81 
28 
Bimodal 
Trimodal 
Trimodal 
Trimodal 
238 
96 
61 
233 
66.01 
12.91 
69.05 
32.59 
79.61 
96.27 
44 
58.26 
6338 
9267 
1890 
3395 
Area level 
Area composite 722 Trimodal 228 32.47 94 8965 
123 
a: u) 
o uj 
o 
LxJ 
to 
Q : 
< 
< 
< 
o 
o 
LU 
CC 
LxJ 
Li. 
Q 
LU 
O 
o 
Ll-
LO 
m 
L L 
o 
< 
o 
o 
-J 
LU 
X 
Q: < 
LU ^ 
LU 
3 b 
2 lU 
LL. 
< 
2 
I— 
z 
LU 
3 
O 
o LU 
< 
1 
< 
CL 
_J 
LU 
> 
LU 
_i 
1 
>-
I— 
_ j 
< 
o 
o 
_J 
•st 
CO 
O 
Ll. 
Q 
LU 
t— 
O 
LU 
_ J 
O 
o 
U) 
X 
1— 
3 2 
N 
< 
z Q 
Q 
LU 
CD 
I/) 
(J) 
O 
a: 
o 
_ j 
< 
o 
o 
_l 
• 
I/) 
LU I/) 
C/) 
< 
-J 
o  
o 
Z 
Q 
LU 
Q-
O 
cr 
o 
LU 
cr 
< 
o 
o 
CO 
X 
1— 
3 
2 
N 
< 
LJ_ 
O 
(T 
LU 
3 
z: 
_ j 
< 
h-
o 
LU 
X 
1— 
>-
m 
124 
E 
V0 4I 
a: 
o 
1— 
o LU 
10 
cc 
3 
a. 
X 
LU 
< 
l i . 
^ - N 
Li. 
O 
Q. 
< 
2 
1— 
LLI 
a: 
3 
o 
LU 
< 
< 
Q. 
- J 
LU 
> 
LU 
- J 
1 
> -
1— 
ZJ 
< 
o 
o 
—1 
m 
CO 
6 
I j . 
Q 
LU 
I— 
O 
LU 
—J 
O 
o 
I/) 
X 
ID 
2 
N 
< 
z Q 
Q 
LU 
CD 
C/) 
O 
o 
Q: 
o 
t— 
o 
LU C/) 
X 
a: 
< 
o 
< 
> 
< 
Q. 
Q 
< 
• 
t/) 
LU 
CO 
< 
o 
o 
o CO 
Q 
LU 
Q_ 
3 
o 
LU 
< 
CO 
LU 
< 
o 
o 
_ J 
h-
2 
LU 
o: 
LU 
LJ_ 
Li. 
Q 
1— 
< 
CO 
X 
» — 
3 
2 
isi 
< 
LL 
o 
cr 
LU 
m 
3 
Z 
_ j 
< 
O 
1— 
LU 
X 
h-
>-
CD 
Q 
LU . 
o t-
£§ 
CO -J 
«^ liJ F n: y •-2 »-2 < 
3 !^ 
z Q LU 
>- 1— 
- J LU 
< - I 
o o 
—1 O 
125 
in 
I— 
-z. 
UJ 
Q 
LU 
to 
O 
LU 
< 
—^ 
LU 
cr 
o 
LU 
X 
I— 
LL 
o 
Q. 
< 
<s 
a. Q-
— I C_> 
LU 
> H-
LU < 
' < 
o =3 
t- o 
o 
LU LU 
lO 
ro 
Li. 
126 
secondary mode. In the bimodal dis t r ibut ions, the main mode is generally-
directed SSW and the opposite secondary mode is directed NNE. The 
overall dominance of NW and SW palaeocurrents in the Naswadi area 
is clearly shown by the sector level rose diagram. The two unimodal 
locality level distributions also show the same NW or SW main palaeocur-
rent direct ions. 
In the Himatnagar sector, the locality level rose diagrams 
indicate palaeocurrents directed mainly in the NNW-NW and ESE-SE 
direct ions. This is also reflected in the sector level rose diagram 
which is essentially bipolar-bimodal with the two modes oriented 
NW and SE. However, a third SW oriented palaeocurrent system is 
also noted. 
The only rose diagram for the Pavagarh sector shows 
the main SSW palaeocurrents, the secondary NW palaeocurrents, and 
the thi rd minor ENE palaeocurrents. 
In the Fatehpur sector two palaeocurrent directions (NNE 
and ESE) may be identified which are also apparent in the sector 
level rose diagram. 
The area composite shows three palaeocurrent direct ions. 
Among them the most prominent is directed NW and the other two 
are oriented SE and SSW. 
A comparison of the various sector level rose diagrams 
brings out three palaeocurrent systems which operated in the Himatnagar, 
Pavagarh and Naswadi sectors . The three palaeocurrent systems included 
one directed NW, second directed SSW-SW, and third directed SE. 
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In the Naswadi and Pavagarh sectors the two palaeocurrent systems 
were 92° to 120° apart and were directed NW and SSW. In the Himatnagar 
sector a SE palaeocurrent system operated in addition to the NW and 
SW palaeocurrents. 
The palaeocurrent pattern of the Fatehpur sector is different 
from other sectors in lacking the NW palaeocurrent system which is 
present elsewhere. In this sector the two palaeocurrent systems were 
oriented at 90° and directed NNE and ESE. 
Facies-Palaeocurrent Relationship 
In order to study the palaeocurrents in relation to facies, 
var iabi l i ty of azimuths of planar cross-bedded facies and trough cross-
bedded facies were analysed separately. 
The two types of cross-bedding do not show any marked 
difference in the pattern of rose diagrams at different localities in 
the Naswadi sector (Fig. 37). In both cases majority of the distributions 
are polymodal and less than one-fourth are unimodal. However, bimodal 
distr ibutions with the two modes oriented at 90° are more common 
in the planar cross-bedded facies. On the other hand bimodal-bipolar 
distr ibutions are more frequent in the trough cross-bedded facies. 
The main mode in the planar cross-bedded facies is directed 
NW/SW/SE. In the trough cross-bedded facies the main modes reflect 
two palaeocurrent direct ions. The westerly palaeocurrents are marked 
by a wider dispersion of main modes ranging from WSW to NNW. The 
second palaeocurrent direction in the trough cross-bedded facies is 
reflected by the SSE directed main modes. The vertical change in 
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FIG 37 LOCALITY LEVEL ROSE DIAGRAMS BASED ON AZIMUTHS OF PLANAR CROSSBEDDING 
(Stippled) AND TROUGH CROSSBEDDING {Black), NASWADl SECTOR . LOCALITIES INCLUDE 
1 ar,Aa^^,r^ -7 M A nhii HI iPA:'') K i ind iQ -4 Hari Dura-. 5 Chametha; 6 Sonqir;7 Lunadra, 
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palaeocurrent pattern was studied in the Hiran r iver section. In the 
basal part of the section, planar cross-bedded facies is dominant 
and shows bimodal-bipolar palaeocurrents directed east and west. 
Higher up trough cross-bedding becomes dominant and the palaeocurrent 
direction becomes NW. 
In the Himatnagar sector also the , two types of cross-
bedded facies do not show any marked difference in either the pattern 
of rose diagram or in the main palaeocurrent direct ions. Both planar 
and trough cross-beddings show bimodal and trimodal pattern at most 
localities (Fig. 38). The main modes in both the cases are directed 
NW and SE. 
In the Fatehpur sector planar cross-bedding azimuths show 
unimodal distr ibution whereas bimodal pattern is more frequent 
in case of trough cross-bedding. Both types of cross-bedding indicate 
easterly & westerly palaeocurrent (Fig. 38). 
At Pavagarh, planar cross-bedded facies shows a quadrimodal 
pattern whereas trough cross-bedded facies displays a bimodal pattern. 
In both cases SW palaeocurrents are dominant (Fig. 38). 
Statistical Parameters 
The vector mean azimuth (Cv) and vector magnitude (L%) 
for distr ibutions at different levels were calculated by 
using the vector summation method of Curray (1956). The vector mean 
determined for polymodal distr ibutions at different levels of sampling 
are given in Table 12. The vector strength (L%) values at various 
localities range from 12.50 to 89.63 percent and average 55.25 percent 
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HIMATNAGAR SECTOR 
LOCALITY 
n o 19 
20 
f 
W 0 = 4 
n = 3 
nr6 
24 
25 
i n = 3 
n = 24 w N 
\ 
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n = 2 
FATEHPUR SECTOR 
n = 13 28 ? 
n= 5 
25 
27 
n = 6 
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FIG 38 LOCALITY-LEVEL ROSE DIAGRAMS BASED ON AZIMUTHS OF PLANAR 
CROSSBEDOING (Stippled) AND TROUGH CROSSBEDDING (Black) , 
HIMATNAGAR SECTOR, FATEHPUR SECTOR AND PAVAGARH SECTOR • 
THE LOCALITIES INCLUDE 19 SABARMATI RIVER, 20 RANGPUR, 
21 DHUNDHAR,22 1L0L,23 PIPLIA,24 PADHMALA,25 RURAL, 
26BHAV0PUR, 27 MEHTAPURA,28 CHALOR,29 VALUNDI, 
30KARMEL,31 VANKARIA. 
Table 12: Modal vector means of polymodal d i s t r i b u t i o n s of c ross -bedd ing az imuths , Cretaceous 
sandstones NE Gujarat . 
(n in each mode is denoted by number within b racke t s ) 
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Pat tern Mode I Mode II Mode i n Mode IV 
Modal vector means for l o c a l i t y - l e v e l d i s t r i b u t i o n s in Naswadi Sector 
305°(18) 
204°(37) 
Zgg-CSS) 79°(7) 175°(3) 
321°(10) 120°(2) 212M1) 
187°(43) 40° (3 ) 
328°(23) 238M8) 
303M30) 
262'(16) 142 ' (4 ) 
255''(11) 334M11) 
158M14) 225 ' ( 9 ) 
3I1M13) I46M12) 
ISbMlS) 315M1) 
159''(5) 315»(1) 
340M13) 247*(10) 202"(8) 
172"(27) 15M1) 
176°{11) 333°(5) 262M4) 
230°(12) 146°(10) 315°(2) 
185°(10) 45°(1) 
Modal vector means for l o c a l i t y - l e v e l d i s t r i b u t i o n s in Himatnagar Sector 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Urvimodal 
Unimodal 
Trimodal 
Trimodal 
Bimodal 
Bimodal 
Unimodal 
Trimodal 
Quadrimodal 
Quadrimodal 
Trimodal 
Bimodal 
Bimodal 
Quadrimodal 
Bimodal 
Quadrimodal 
Trimodal 
Bimodal 
75M1) 
197°(9) 
345°(1) 
232M4) 
105°(2) 
75' ' (1) 
19 
20 
21 
22 
23 
24 
25 
26 
27 
Bimodal 
Quadrimodal 
Trimodal 
Trimodal 
Trimodal 
Quadrimodal 
Trimodal 
Trimodal 
Bimodal 
99' ' {14) 
345M6) 
2 0 1 ° ( l t ' ) 
315°(8) 
332°(9) 
303°(3) 
75''(23> 
152°(5) 
280°(8) 
245''{3) 
105"(3) 
305°(3) 
137°(4) 
106''(6) 
75''(1) 
340M6) 
270(2) 
141M5) 
H.5M1) 
)5°(1) 
45° (3) 
207°(5) 
135M1) 
l O S - d ) 
45M1) 
Modal vector means for l o c a l i t y - l e v e l d i s t r i b u t i o n s in Fa tehpur Sector 
28 
29 
30 
Unimodal 
Quadrimodal 
Ulniodal 
62 (18) 
32°(21) 
45°(19) 
98°(12) 
107°(8) 
195°(2) 
Modal vector means for l o c a l i t y - l e v e l d i s t r i b u t i o n s in Pavagarh Sector 
31 Trimodal 216°(21) 
Modal vector means for sec to r - l e v e l d i s t r i b u t i o n s 
Naswadi Bimodal 
Sector 
Himatnagar Trimodal 
Sector 
Fatehpur Sector Trimodal 
Pavagarh Trimodal 
Sector 
194''(319) 
109°(78) 
216°(21) 
Modal vector means for a rea aggregate d i s t r i b u t i o n 
Trimodal 115°(218) 
305' ' (6) 
3 2 7 " ( 1 5 2 ) 
2 3 4 ° ( 2 5 ) 
91' ' (32) 
305°(6) 
221"(269) 
75M1) 
329°(39) 
2 b 5 - ( l ) 
75°{1) 
342°(235) 
1 4 0 ° ( 5 ) 
7 5 ° ( 1 ) 
2 2 5 ° ( 1 ) 
225M1'> 
2 5 5 ° ( 1 ) 
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(Table 11). The L% values of d i s t r i b u t i o n s for the var ious sec tors 
range from 12.91 percent to 69.05 percent and average 42.11 pe rcen t . 
The L% value of the area aggregate composi te d i s t r i b u t i o n is 32,47 
pe r cen t . 
The s t andard dev ia t ion (S) values of l oca l i ty leve l d i s t r i b u -
t ion range from 27.22 to 80, and average 61 . For s e c t o r - l e v e l d i s t r i b u t i o n 
S va lues range from 4.4 to 96.27 and average 76. For the area aggregate 
composi te d i s t r i b u t i o n t h e S value is 94. 
The var iance va lues (S ) of the loca l i ty leve l d i s t r i b u t i o n s 
2 
range from 741 to 7576 and average 4120. S va lues of the sector 
level d i s t r i b u t i o n s range from 1890 to 9267 and average 6070. For 
2 
the a rea aggregate composite d i s t r i b u t i o n the S value is 8965. 
SEDIMENT DISPERSAL PATTERNS 
The dominance of polymodal d i s t r i b u t i o n s of c ro s s -bedd ing 
azimuths at different l eve l s of sampling ( loca l i ty l e v e l , sec tor l e v e l , 
a rea l eve l ) ind ica te s d i s p e r s a l of sediments by mul t id i rec t iona l cur ren t s 
in n e a r s h o r e sha l low marine environments (Klein, 1967, Se l ley , 1968), 
B imoda l -b ipo la r pa t t e rn suggests p e r i o d i c 180° r e v e r s a l of cur ren t 
d i r e c t i o n . B imoda l -b ipo la r d i s p e r s a l pa t t e rn wi th downslope and upslope 
modes is c h a r a c t e r i s t i c of e s t u a r y , beach , t i da l in le t and h igher 
t i da l f l a t , whereas bimodal - b ipo la r d i s p e r s a l pa t t e rn with across 
s lope modes c h a r a c t e r i s e s lower t i da l flat and sha l low shelf (Klein, 
1967). 
In the Naswadi sec tor most d i s t r i b u t i o n s a r e polymodal 
suggesting the involvement of s eve ra l cu r ren t sys tems in sediment 
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dispersa l . The polymodal dis t r ibut ions , especially those at locality 
5,8,11,13,16,18 clearly display 180° reversal of palaeocurrents, generally 
from NW to SE (Fig. 33). The trimodal and quadrimodal distributions 
reflect sediment transport across the NW-SE reversing current system. 
However, the aggregate data from the Naswadi sector brings out the 
dominance of NW and SSW dispersal of sediments (Fig. 36). The NW 
sediment transport is parallel to the sand body elongation direction 
noted in Naswadi sector. The geometry of sand bodies and their chanelled 
bases suggest their formation in shallow channels. Thus, the sediments 
was dispersed both along and across NW-oriented shallow channels 
in the Naswadi sector. 
All the locality level distr ibutions of cross-bedding azimuths 
in the Himatnagar sector are polymodal, mostly trimodal and quadrimodal 
(Fig. 34). In these distributions also a reversing NW-SE palaeocurrent 
system can be recognized. The sector level distribution for Himatnagar 
sector also indicates two main sediment transport directions suggesting 
180° reversal of current direction. Sediment dispersal by reversing 
currents is character is t ic of tidal environment and the two directions 
in all probabil i ty represent flood and ebb currents . 
The sediment dispersal pattern of the Fatehpur sector 
comprises two current systems. Flood currents dispersed sediment 
upslope of the basin towards SE and across the basin margin towards 
land in the NE direction Fatehpur is located near the northern margin 
of the basin. 
The rose diagram and modal vector mean azimuths of the, 
Pavagarh sector indicate two mean current directions oriented at 90°. 
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The SW dispersal is dominant and the NW downslope dispersal is 
less prominent. 
The composite distr ibution of cross-bedding azimuths aggregated 
from the study area indicate dispersal of sediment in three different 
direct ions. The palaeogeographic setting of the basin suggests that 
the NW and SE dispersals were brought about by reversing ebb and 
flood tidal currents . The SW dispersal perhaps represents sediment 
transport during lateral accretion in NW-SE oriented tidal channels. 
CHAPTER - V 
FACIES ANALYSIS 
INTRODUCTION 
In t h i s c h a p t e r an a t tempt has been made to i n t e r p r e t the Creta-
ceous t e r r igenous c l a s t i c sed imen ta ry p r o c e s s e s and environments in di f fe-
rent s ec to r s of the s tudy a r e a . The i n t e r p r e t e d p roces se s and environment 
have been employed to cons t ruc t s eve ra l genetic f ac i e s . F ina l l y , al l 
the information ga the red from the s tudy a rea has been summarized in 
the form of a depos i t iona l model . 
For t h e purpose of r econs t ruc t ing t h e ancient depos i t iona l p roces -
ses and env i ronments , an a t tempt was made to infer t h e impr in t s left 
by p h y s i c a l , chemical and bio logica l p r o c e s s e s which a t tended t h e anc i -
ent depos i t iona l s e t t i ng . Most of the p h y s i c a l c r i t e r i a , such as bedding 
and o the r sed imenta ry s t r u c t u r e s , na ture of contacts between b e d s , 
sed imenta ry t e x t u r e s and r e l a t e d s m a l l - s c a l e s t r u c t u r e s , and d i rec t iona l 
p r o p e r t i e s , such as c r o s s - b e d d i n g could be s tud ied in small a r ea s or 
s ingle o u t c r o p s . However, where l a rge r or mul t ip le ou tc rops were a v a i l a -
b l e , c r i t e r i a of l a rge r magnitude, such a s , t he l a t e ra l and ve r t i c a l 
fac ies r e l a t i o n s h i p and the t h r ee -d imens iona l geometry of depos i t iona l 
uni ts p r o v i d e d inva luab le add i t iona l i n d i c a t o r s of the pa laeoenvi ronments . 
Although the s tud ied rock - sequence is genera l ly unfoss i l i ferous in the 
s tudy a r e a , b iological p roces ses a r e r e f l ec t ed in b io tu rba ted horizons 
implying p e r i o d s of inc reased bio 1 ogical a c t i v i t y and nondepos i t ion . 
In most s t ud i e s t h e term ' f a c i e s ' has been f i r s t given a brief 
d e s c r i p t i v e des ignat ion and u l t ima te ly given an environmental i n t e r p r e t a t i o n . 
In the p r e sen t s t u d y , the term ' f a c i e s ' has been employed in an in t e r -
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p r e t i v e sense following the recons t ruc t ion of ancient depos i t iona l p rocesses 
and environments in d i f ferent s e c t o r s . The i n t e r p r e t a t i o n of facies was 
based on a s tudy of t h e i r s p a t i a l r e l a t ions and in te rna l c h a r a c t e r i s t i c s 
( l i tho logy and sed imenta ry s t r u c t u r e s e tc) and comparing t h i s information 
with the knowledge gained from modern sed imenta ry environments and 
well s tud ied s t r a t i g r a p h i c u n i t s . Subdiv i s ion of a rock-sequence into 
const i tuent facies (or uni t s of s i m i l a r a s p e c t ) i s e s s e n t i a l l y a c l a s s i f i c a -
tion p rocedure and t h e degree of subd iv i s i on i s ba s i ca l l y governed by 
the ob j ec t i ve s of t h e s t u d y . In t h e p resen t s tudy broad genetic facies 
have been recognised by s y n t h e s i s i n g t h e i r depos i t iona l p roces ses and 
environments . 
The const ruct ion of a depos i t iona l model for a rock-sequence 
is one of the bas i c aims of s t r a t i g r a p h i c a n a l y s i s . A facies model could 
be defined as "a general summary of a spec i f ic sed imenta ry environment" 
(Walker , R .G. , 1984) cons t ruc ted by syn thes i s ing many s tud i e s of both 
ancient sed imentary sequences and recent s ed imen t s . In the p resen t s tudy 
a lso a depos i t iona l model has been const ructed by l inking modern and 
ancient o b s e r v a t i o n s into a coherent s y n t h e s i s . 
DEPOSITIONAL PROCESSES AND ENVIRONMENTS 
NASWADI SECTOR 
The 14 measured s t r a t i g r a p h i c sect ions in the Naswadi sector 
show 2.5 to 14 m th i ck sandstone un i t s i n t e r b e d d e d with 1 to 3 m th ick 
sha l e uni ts and ve ry th in l en t i cu la r conglomera tes . The depos i t iona l 
uni t s show poor l a t e ra l cont inui ty ( F i g . 39) and a re not t r a c e a b l e l a t e r a -
l ly for more than tens of m e t r e s . The sandbod ies a r e l en t icu la r in c r o s s -
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section, a few metres thick, and show a thickness-width ratio of appro-
ximately 1:40. They show a sharp and erosional basal contact with 
the underlying shales . 
Tabular cross-bedding is the common form of bedding in the 
sandstones with subordinate trough cross-bedding implying sediment t rans-
port primari ly by migrating sandwaves and less commonly by migrating 
dunes (Harms at a l , 1975). Reactivation surfaces are observed in cross-
bedding se t s , especially in large-scale tabular sets (Plate IB). Reactiva-
tion surfaces imply interruption of study advance of migrating bedform 
and indicate changes in process or flow direction during lower r iver 
stages (Collinson, 1970) or tidal reversal of flow (Boersma 1969; Klein, 
1970). Both fluvial and intert idal marine environments show episodic 
fluctuations in flow velocity. Burrowed horizons in the sandstones mark 
the phases of nondeposition. The combined character is t ics of the sandstone 
units comprising cross-bedded sandstones evidence their braid bar origin. 
Horizontal to sub-horizontal laminated sandstones occur inter-
with the cross-bedded 
bedded/sandstones at some localities such as Chametha h i l l , Songir quarry, 
Linda hill in the Naswadi sector. The low-angle laminations showing 
parting lineation resemble typical beach stratification {swash lamination). 
However thei r association with cross-bedded sandstones interpreted as 
'b ra id bar ' deposits suggest thei r origin as 'sand sheets ' described 
by Zaitlin and Dalrymple (1985), from Salmon r iver estuary, Bay of 
Fundy. The 'sand sheets ' are ubiquitously developed in the braid bar 
zone of the Salmon r iver estuary. Bay of Fundy. These bedforms have 
very low amplitudes ( ^ 3 0 cm) and long wave lengths ( >5 m) and contain 
upper flow regime horizontal and low-angle inclined stratification. 
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The interbedded thin (a few centimetres thick) lenticular clast-
supported conglomerate units show erosional and truncated bases. The 
scoured surfaces indicate erosion due to strong currents . Moreover, varia-
ble currents are indicated by cut-and-fill structures and irregular bedding 
surfaces. 
The sandstones are generally medium grained, moderately well 
sor ted, and positive skewed. The textural character is t ics of the sands-
tones suggest a fluvial environment ra ther than a l i t toral environment 
where persistent winnowing action of waves and currents results in very 
well sorted and negative skewed sands. The sandstones at certain levels 
do show well sorted and negative skewed nature indicating phases of 
winnowing by currents and or waves. The log-probabil i ty plots of grain 
size distr ibution of majority of samples indicate deposition by surface 
creep and saltation. The vertical profiles of some sections in the Naswadi 
sector show an upward increase in grain size (Fig. 14) which is generally 
indicative of deposition in a coastal environment. The increase in mean 
grain size towards NW, i . e . , toward the deeper part of the basin (Fig. 
16) is indicative of a t idal environment (Klein, 1971). This increase 
in grain size is in the direction of the dominant palaeocurrent, and 
it is possibly a result of reworking and redistr ibut ion of sediments 
deposited by channels by tidal currents . 
Best sorted sandstones occur at the centre of the Naswadi sector 
(locality 9, Linda) from where sorting decreases in the N and S direct ions. 
The sandstones also show maximum negative skewness at locality 9. 
The skewness becomes increasingly positive in the N and S directions. 
It appears that in the central part of the Naswadi sector, around locality 9, 
winnowing was maximum reflecting a shoal area. 
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The palaeoccurrent pat terns are predominantly polymodal indica-
ting dispersal of sediments by diverse current systems which are typical 
of a coastal environment (Klein, 1967; Sel'.ey 1967), Many localities 
show bimodal-bipolar palaeocurrent pattern characteris t ical ly developed 
in a tidedominated environment. The two modes of such distribution 
rare ly show equal development. One of the modes is much more developed 
than the opposite one reflecting the relative strength of the dominant 
tidal phase. For example, at localit ies 5,12,13 and 15 the southerly 
mode is predominant, whereas at localit ies 3 & 6, the northerly mode 
stands out in comparison with the weakly developed opposite mode. 
Tidal cycles are character is t ica l ly unequal in terms of duration and 
magnitude of the ebb and flood phases of a single (Klein, 1970). 
Regional paleogeographic setting of the Cretaceous Narmada 
basin implies an ENE-WSW trending linear basin paralleling the faulted 
southern margin of the basin and opening towards west. In relation 
to th is trend and considering the location of Naswadi area near the 
southern margin of the basin; the overall dominance of NW and SSW 
palaeocurrents suggest that d ispersal was mainly across the basin ax is . 
The NW palaeocurrents dispersed sediments derived from the southern 
landmass towards the deeper par ts of the basin, and across the basin 
axis (Fig. 36). The SSW directed palaeocurrents probably represent 
landward directed flood currents . The sandbodies are elongated NW-
SE, i . e . parallel to the dominant palaeocurrent direction. 
The sandbodies in the Naswadi sector are interpreted as deposits 
of shallow channels which were characterised by episodic fluctuation 
in flow velocity and were t idal ly influenced. Tidal channels showing 
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b ra id ing have been d e s c r i b e d from ' b r a i d - b a r ' zone of the inner pa r t 
of a sand dominated macro t ida l e s t u a r y z a i t l i n and Dal rymple , 1985). 
This ' b r a i d b a r ' zone i s c h a r a c t e r i z e d by mu l t i p l e , migrat ing, e b b -
dominant sha l low t i d a l channels t h a t b i fu rca te about b r a i d b a r s . 
The i n t e r b e d d e d sha l e s a r e i n t e r p r e t e d as v e r t i c a l accre t ion 
d e p o s i t s r esu l t ing from p rog rada t i on of adjacent mudf la t s . The sha l e s 
contain abundant b u r r o w s . 
HIMATNAGAR SECTOR 
In the Himatnagar sec tor 1.5 to 7.5 m th ick sandstone uni ts 
occur i n t e r b e d d e d with 2 to 3 m t h i c k s i l t s t o n e - s h a l e u n i t s . The sand-
stone uni ts a r e r ep l aced by s i l t s t o n e - s h a l e un i t s in the wes t e r ly d i r e c -
tion (Fig . 40 ) . The s i l t s t o n e - s h a l e beds a r e ferruginous and micaceous. 
Some of them a r e e x c l u s i v e l y s i l t s t o n e and in th in sec t ions show perfec t 
laminations wi th a l t e rna t ing l a y e r s of coarse s i l t and fine s i l t which 
a r e 0.30 mm to 1 mm th i ck (Plate VIA). Fine s i l t l a y e r s a r e r ich 
in c lay and mica f lakes and contain l en t i c l e s of black organic m a t e r i a l . 
This t y p e of bedding des ignated m i c r o - i n t e r l a y e r e d bedding is common 
in t i d a l environments (Reineck and Singh, 1967) and is formed as 
a r e s u l t of pu lsa t ion in the cu r r en t a c t i v i t y and s e t t l i n g suspension 
clouds (Reineck and Wunderl ich, 1969). Some s i l t s t o n e - s h a l e l a y e r s 
show h igh ly d i s t u r b e d fab r i c as a r e s u l t of b io tu rba t ion and mud c r a c k -
ing (Plate VIB). Fragments of wood seen in some th in sec t ions suggest 
l a n d - d e r i v e d d e t r i t u s (Plate VIC). 
The sands tone uni ts compr i se a few cm- to 25 cm- th ick se ts 
of t abu la r and trough c r o s s - b e d d i n g which were depos i t ed by migrating 
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PLATE - VI 
Photomicrographs of the si1tstone-sha1e interbeds in 
the Cretaceous sandstones 
A. Alternating layers of coarse silt and fine silt-shale 
in the si1tstone-sha1e units, Sabarmati river section, 
Himatnagar sector (Crossed nicols) {x60). 
B. A coarse silt-filled rounded burrow in si1tstone-sha1e 
unit, Sabarmati river section, Himatnagar Sector (crossed 
nicols) (x60). 
C. A fragment of wood in si1tstone-sha1e unit, Sabarmati 
river section, Himatnagar Sector (uncrossed nicols) 
(x90). 
D. An irregular vug filled with coarse crystalline calcite 
in micrite overlying the Cretaceous sandstone sequence, 
Chalor village, Fatehpur Sector, (crossed nicols) (x60). 
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sand waves and dunes. A few cm thick bedsets of horizontal to subhori-
zontal laminations resemble swash generated beach stratification or 
'sand sheets ' described ear l i e r . The thin bedded sandstones showing 
r ipp le , f laser- and graded bedding suggest tidal deposition. 
The t idal influence on sedimentation is supported by bimodal-
bipolar palaeocurrent pattern at several localities in the Himatnagar 
sector. The main modes of palaeocurrent rose diagrams indicate that 
the t idal currents operated parallel to the basin axis yl in the NW 
and SE direct ions. The basin configuration suggests that the NW currents 
were ebb currents and the SE currents flood currents. A SW directed 
minor mode reflects subordinate dispersal of sand across the basin 
axis from landward direction to the deeper part of the basin in view 
of the location of Himatnagar near the northern margin of the basin. 
The si l ts tone-shale content increases in the direction of northwesterly 
ebb currents (Fig. 40). A decrease in the mean grain size of sandstones 
is also noted in the westerly direction. 
The presence of strong and persistence currents in this sector 
is indicated by the very well sorted and fine-skewed nature of sand-
stones in the Sabarmati r iver section. The log probabil i ty plots of grain 
size distr ibution also suggest strong currents . The Bhavopur section 
shows sequences of both fining-upward and coarsening-upward grain 
s ize. Small-scale vertical sequences showing combination of fining-upward 
and coarsening-upward cycles have been considered one of the diagnostic 
cr i ter ia for t idal origin (Terwindt, 1988). 
PAVAGARH SECTOR 
At Pavagarh the measured section comprises one meter thick 
conglomerates overlain by 4.5 m thick sandstones. The basal one meter 
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t h i c k c l a s t s u p p o r t e d or thoconglomera tes and i n t e r b e d d e d moderately 
well s o r t e d , c o a r s e s k e w e d , medium gra ined sands tones showing planar 
c r o s s - b e d d i n g and g raded bedding a r e i n t e r p r e t e d to be a depos i t of 
b r a i d e d f luvia l envi ronment . The f luctuat ing c u r r e n t s r e su l t ed in conglo-
mera te l a y e r s a l t e rna t ing wi th sandy l a y e r s . Grading of p e b b l e s suggest 
d imin ish ing flow s t r eng th of c u r r e n t s dur ing depos i t i on . Walker (1975) 
suggested t h a t most of the g rave l b a r s o r ig ina te from defused gravel 
s h e e t s tha t s top moving, and bui ld upward by add i t i on of f iner mate r ia l s 
s t i l l in t r a n s p o r t , r e su l t i ng in an upward f ining, i . e . normal g rad ing . 
The pa laeocur ren t d i r ec t i on suggests tha t t h e s t reams flowed SW, tha t 
is ^almost p a r a l l e l to the bas in a x i s and towards the open sea . 
The conglomerates pass upward into medium-gra ined , massive 
sands tone b e d s , 60 cm to 1.20 m t h i c k , showing la rge sca le wavy bed -
d ing . The u p p e r p a r t , 2 .5 m t h i c k , compr i ses h e t e r o l i t i c beds of white 
fine sands tones with p u r p l e mud f l a s e r s , and i n t e r - b e d d e d single se ts 
of 60 cm th i ck p lanar c r o s s - b e d d i n g . This c r o s s - b e d d i n g i s c h a r a c t e r -
ized by a de l i ca t e and r h y t h m i c a l t e rna t ion ( p i n s t r i p e lamination) of 
sand and mud. Such c r o s s - b e d d i n g has been r e g a r d e d as l a t e r a l accre t ion 
bedding which is c h a r a c t e r i s t i c of depos i t ion on point b a r s (Allen, 
1970, Coll inson, 1978). Grain s i ze c h a r a c t e r i s t i c s , such as moderate 
so r t i ng , p o s i t i v e skewness and upward d e c r e a s e in gra in s i ze also 
suggest a channel envi ronment . Pa laeocurren t pa t t e rn is t r imodal ind ica -
ting i n t e r t i d a l o r i g in . The main pa laeocur ren t d i r ec t i ons a re SW and 
NW. The sands tones a r e i n t e r p r e t e d to be t i d a l channel d e p o s i t s . 
FATEHPUR SECTOR 
In t h e Fa tehpur sec tor sandstone uni t s a r e 2.5 to 6.5 m th ick 
and show abundant ly deve loped c r o s s - b e d d i n g . The c r o s s - b e d d e d nature 
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of t h e sandstone suggests depos i t ion by migrat ing sand waves and dunes . 
An increas ing cur ren t s t r eng th upward in t h e sequence is indicated 
by a change in c r o s s - b e d d i n g t y p e from p lanar to trough and an increase 
in t h e sca le of c r o s s - b e d d i n g . The c r o s s - b e d d e d t roughs are 6 to 9 m 
wide and upto 1 m t h i c k towards t h e t o p . Lower down, c ros s -bedd ing 
s e t s a r e l e s s than 50 cm t h i c k . 
Pa laeocur ren t d i r e c t i o n s ob ta ined in t h e lower p a r t of the sect ions 
i nd i ca t e r e v e r s a l of cur ren t in East and West d i r e c t i o n . But the la rger 
t roughs h ighe r up in the sec t ion ind ica te no r thward d i r e c t e d c u r r e n t s . 
The v e r t i c a l b imodal i ty of pa l aeocur ren t s is cons ide red to be the most 
impor tan t d iagnos t ic c r i t e r i o n for t i da l sedimentat ion (de Raaf and 
Boersma , 1971). The composi te pa l aeocur ren t p a t t e r n of the Fa tehpur 
sec to r is bimodal wi th two modes o r i en ted a t 90° . 
The gra in s ize c h a r a c t e r i s t i c s of sands tones of Fa tehpur sector 
match those of the Himatnagar sec tor both implying pe r s i s t en t and 
s t rong t i da l c u r r e n t s . Smal l - sca le cyc le s of upward decreas ing and 
inc reas ing gra in s ize make i t d i f f icul t to recognise a c l ea r cut t rend 
in gra in s ize va r i a t i on in the v e r t i c a l p r o f i l e . 
FACIES RECONSTRUCTION 
Tidal ly Influenced Braided Channel F a d e s : 
This facies is mainly deve loped in t h e Naswadi Sector and comp-
r i s e s 2.5 m to 14 m th ick l en t i cu la r s a n d s t o n e s . Many fea tures of the 
facies r e semble those d e s c r i b e d c h a r a c t e r i s t i c of b r a i d e d sys tems (Ore 
1964, Smith 1970, 1972). These fea tures inc lude : 
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1. Poor lateral continuity of depositional units as a result of frequent 
changes in the course of streams and their rapid errat ic migration. 
2. Dominance of tabular sets of cross-bedding suggesting deposition 
as t ransverse bars and subordinate trough cross-bedding indicating 
dune ac t iv i ty . 
3. Many of the vertical sections show no definite vertical variation 
in grain size, with sand and gravel distr ibuted throughout, sugg-
esting erra t ic behaviour of streams. 
4. In some sections vert ical variations in grain size within sandy 
units suggest a decrease or increase in flow velocity-depth relation 
indicating large discharge changes. 
5. Cut-and-fill structures and irregular bedding contacts, suggesting 
uneven depositional surfaces and variable flow conditions. 
Despite the above described character is t ics suggesting deposition 
by braided stream, the dominantly polymodal and especially bimodal-
bipolar pattern of sediment dispersal in this facies suggest a coastal 
environment, possibly t ida l . The wide dispersion of cross-bedding 
foreset azimuths displayed by the facies is also exhibited by the 
braided stream environment as documented in recent sediments by Smith 
The suggestion of Smith (1972) 
{1972)»/that planar cross-s t ra ta showing highly variable current directions 
can be hardly used to distinguish t ransverse bars braided stream envir-
onment from the coastal environments, is highly relevant here . 
The geometry of sandstone units suggest that the channels were 
shallow and wide. They were generally a few metres deep and a few 
tens of metres wide. The channels were oriented NW-SE, parallel 
148 
to the main palaeocurrent direction . The palaeocurrent pattern obtained 
mostly from these channels is bimodal and almost bipolar with the 
two opposite current systems directed NW and SSW. The reactivation 
surfaces observed in the cross-bedding sets of the facies are regarded 
as one of the important diagnostic cr i ter ia for recognising tidal reversal 
of flow. But reactivation surfaces are also produced by changes in 
processes or flow direction during lower r iver stages (Collinson, 1970). 
The absence of mud drapes and flaser bedding in this facies is perhaps 
at t r ibutable to a macro tidal environment which prevented deposition 
of mud during deposition of sand in channels. 
Thus, despite many ambiguities, the picture that emerges, when 
all features are considered in combination is one of a t idally influenced 
braided channel facies. That this facies was deposited in the distally 
located reaches of braided channels is evidenced by scarcity of horizo-
ntal bedding and abundance of planar cross-bedding (Smith, 1970). 
Tidal Channel Facies 
This facies is developed in the Pavagarh, Himatnagar and Fatehpur 
sectors . The facies comprises sandstones ranging from coarse to fine 
grained. A fining-upward sequence is character is t ic of this facies and 
is well displayed in the section exposed in the Pavagarh sector. These 
fining-upward sequences differ from fluvial sequences in containing 
structures indicative of t idal current ac t iv i ty . The features suggesting 
tidal processes include character is t ic bedding types , such as flaser 
bedding, wavy bedding and lenticular bedding and bimodal-bipolar 
palaeocurrent pattern. 
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F l a s e r , wavy and l en t i cu l a r bedding form a natura l associa t ion 
which is c h a r a c t e r i s t i c of t i d a l depos i t i on resu l t ing from waxing and 
waning t i da l c u r r e n t s (Reineck and Wunder l ich , 1968; Reineck, 1972). 
The p lanar c r o s s - b e d d i n g in t h i s fac ies shows a de l i ca t e a l t e rna -
tion of sand and mud and is i n t e r p r e t e d as l a t e r a l accre t ion bedd ing . 
This t y p e of bedding i s c h a r a c t e r i s t i c of depos i t ion on point ba r s 
(Allen, 1970; Coll inson, 1978). 
The pa laeocur ren t p a t t e r n of t h i s fac ies is bimodal and t r imodal 
suggest ing an i n t e r t i d a l o r ig in (Te rwind t , 1988). 
In the Fa tehpur sec tor t h i s fac ies is ove r l a in by ferruginous 
mic r i t e wi th b i r d s e y e vugs and f enes t r ae indica t ing s u p r a t i d a l environ-
ment of depos i t ion (Plate VXD). 
Tidal Mud Flat Facies 
This f ac i e s , 2 to 3 m t h i c k , occurs i n t e r b e d d e d with sandstone 
uni ts in t h e Naswadi and Himatnagar s e c t o r s . It compr ises ferruginous 
and micaceous s h a l e - s i l t s t o n e . These a r e c h a r a c t e r i s e d by m i c r o - i n t e r -
l a y e r e d bedding which i s r e p o r t e d to be common in t i da l environments 
(Reineck and Singh, 1967). B io turba t ion , mud c racks and fragments 
of wood a r e common and suggest v e r y shal low water to emergent mud 
flat envi ronment . 
DEPOSITIONAL MODEL 
The e a r l i e r s t u d i e s of the Cretaceous Narmada basin summarised 
by Biswas and Deshpande (1983) suggest t h a t deposi t ion of the Cretaceous 
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sandstones took place in a narrow linear basin trending WSW-ENE. The 
basin deepened and opened out in WSW direction. The sandstones in 
the inner or eastern part of the basin (Nimar Sandstone) were deposited 
in the fluvial environment. But deltaic or marine influence on sedimenta-
tion was interpreted for sandstones in the outer or western part of 
the basin including those outcropping in the study area ( Songir/Himat-
nagar Sandstone). 
The Cretaceous sediments in the Narmada basin were deposited 
during the late Turonian marine transgression (Jafar, 1982). This trans-
gression was from the south-western part of the present day Saurashtra 
peninsula and passed through the Surat offshore depression and into 
the Narmada basin. The absence of Mesozoic sediments in Bombay High 
region where the Tertiary rocks d i rec t ly overlie the Archean basement 
suggest that the basin did not extend to th is region (Babu, 1984). 
The present study has demonstrated that the Cretaceous sandstones 
of northeastern Gujarat were deposited in a tidal environment. The 
recognition of tidal environment and processes in sedimentary rock 
is based mainly on recent analogues. Diagnostic criteria for recognition 
of t idal deposits have been described by several workers on the basi 
of recent analogues (van Straaten, 1954). While individual criteria 
may not be specific to tidal deposi ts , the association of several cri teri . 
can be used to identify the deposit as of t idal origin. 
In the study area, the following cr i ter ia reflecting tidal processe 
were identified. 
s 
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1. Waxing and waning currents are indicated by cross-bedded sets , 
flaser bedding, graded bedding, micro-interlayered bedding and 
reactivation surfaces. 
2. Bidirectional currents are reflected by bimodal-bipolar cross-
bedding. 
3. Rapid changes in flow pattern are shown by rapid and abrupt 
facies changes and frequent discontinuity planes. 
The interpretation of tidal regime in terms of macro-meso- or 
microtidal range is very difficult because several studies in different 
settings failed to produce any essential difference in either the sequence 
or in structures (Klein, 1967; Nichols and Biggs, 1985; Reineck and 
Singh, 1980; Terwindt, 1981). However, in the sandstones under descr ip-
tion the presence of horizontal laminated sandstone facies, and uncommon 
occurrence of f laser, wavy and interlaminated sand-clay bedding are 
indicative of a macrotidal environment. The existence of horizontal 
laminated facies in the sand bar deposits was noted in a macrotidal 
area with occasional very high current velocities and attributed to 
an upper flow - anti dune origin (Bartsch-winkler and Ovenshine, 1984). 
Also, high energy current regime prevents deposition of mud and forma-
tion of flaser bedding etc . 
Recent t idal sediments studied in different climatic settings, 
for example, in cold regions (Dionne, 1988), humid tropical basins 
(Tucker, 1973) and arid regions (Belperio, et al, 1988) provide cri teria 
for recognition of ancient climatic conditions. Although flaser bedding 
and mud drapes are not abundant in the studied sequence, the inter-
bedded s i l t -shale facies occurs quite frequently and is upto several 
metres th ick. The frequency of occurrence of s i l t - and clay- containing 
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facies is greater in the humid t rop ics , due to the higher mud discharge 
of the r i v e r s . Extensive mud accumulation occurs, especially on the 
in ter -d is t r ibutary areas of the t idal flat. Similarly the interbedded 
plant debris in the shale-si l ts tone facies of the study area are also 
suggestive oi a humid subtropical climate. Moreover, the absence of 
Sabkha-like features suggest that the climate, was at least not a r id . 
The distr ibution of various types of facies in the study area 
reflects the lateral variations in the depositional environment in the 
basin (Fig. 41). Towards the south, in the Naswadi sector deposition 
took place in distal reaches of braided channels which where tidally 
influenced. These channels most probably originated in the highlands 
beyond the southern margin of the basin and flowec" in the N to NW 
direction. The deposition of sand by the channels resulted in a shoal 
area. Estuarine channels were present in Pavagarh area and filling 
of these channels resulted in fining-upward lateral accretion deposits . 
Another system of estuarine channels were present in the northern part 
of the area. The deposits of these channels are seen around Himatnagar 
and Fatehpur. The shoal area between the Himatnagar and the Pavagarh 
channel systems was in all probabil i ty occupied by carbonate mud 
flats as terriginous sediments did not reach this area. 
It is concluded that deposition of the Cretaceous clastic rocks, 
mainly sandstones took place in an east-west oriented linear basin 
which consisted of an estuarine complex. The subenvironments in the 
estuarine complex included channels separated by terrigenous mud flats 
and carbonate mud f la ts . The sediment dispersal was mainly through 
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FIG.41 . CONCEPTUAL DEPOSITIONAL MODEL OF THE CRETACEOUS 
SEDIMENTS IN THE NASWADI - HIMATNAGAR AREA, NE 
GUJARAT. 
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the estuarine channels toward the west. However, northward flowing 
braided channels delivered sediments from the highlands beyond the 
southern margin of the basin. The estuarine channels were macrotidal 
in all probabi l i ty . 
The highly mature quartz-r ich detr i tus was derived from a stable 
craton interior provenance which in all probabil i ty belonged to the 
Precambrian basement over which the studied rock sequence res t s . 
However, part of the detr i tus was derived from recycled orogen prove-
nance which was possibly located in the Aravalli highlands across 
the northern margin of the basin, and in the highlands beyond the 
southern margin of the basin. 
CHAPTER - VI 
DIAGENESIS 
INTRODUCTION 
Diagenesis includes "all physicochemica1, biochemical 
and physical' processes modifying sediments between deposition 
and 1 ithificat ion at low temperatures and pressures characte-
ristic of surface and near-surface environments", (Chiiingar 
et al, 1967). The principal diagenetic processes include 
compaction, cementation, authigenesis, recrysta 11ization, 
intrastratalsolution, replacement, and metasomatism. 
The present study on diagenesis of Cretaceous sandstones 
mainly focuses attention on compaction, porosity reduction 
and cementation. Compaction, the process of volume reduction 
has been expressed as a percentage of the original voids 
assumed in the studied sandstones as described elsewhere. 
An understanding of the processes of compaction 
and cementation was considered desirable in order to determine 
(i) their direct influences on diagenesis and (ii) the time 
relationship between the two processes. The relationships 
between the amount of cement and porosity on one hand, and 
compaction on the other were studied as these relationships 
are a function of the degree of compaction of the sediment. 
The stage of compaction when cementation occurred and the 
amount of porosity reduction were as a result of compaction 
were also considered. 
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METHODS OF STUDY 
The present study is based on examination of thin 
sections, scanning electron microscopy and X-ray diffraction 
analysis. Thin sections were employed to study types of 
grain contacts, porosity reduction and types of cements. 
Scanning electron microscopy was applied to study types 
of cement and pores. The samples were coated with a gold 
palladium alloy and were examined under a Philips scanning 
electron microscope with varying magnifications of 160 to 
I250x. X-ray diffraction analysis was employed to identify 
clay minerals present in the matrix of sandstones. Oriented 
aggregates of / ^ micron fraction of the sediment were used. 
For each sample, a set of three slides were prepared for 
clays mineral studies. Each set consisted of an untreated 
slide, a slide treated with ethylene glycol vapour, and 
a third slide heated at 550°C for 30 minutes. The slides 
were subjected to nickel filtered Cu radiation at 35 KV 
and 20 MV and scanned through 5°-30° 2Q spectral region 
at 1° per minute. 
GRAIN CONTACTS 
Grain to grain contacts were investigated in order 
to obtain an idea about pore space reduction and compaction 
history of the sandstones. A total of 73 thin sections were 
employed for this purpose. The grain contacts were classified 
and counted as floating, point, long, concavo-convex and 
sutured (Taylor, 1950) on the basis of a random thin section. 
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Grains that had no contacts in the plane of thin sections 
were designated as 'floating' grains. 
The percentages of floating grains range generally 
from 1 to 16 percent and average 5.0 percent (Table 13, 
Fig. 42). Some samples show higher percentages of floating 
grains ranging from 21 to 26 percent. Such samples have 
carbonate and iron oxide cements and show modification of 
texture due to reaction between cement and grains (Plate 
VIIA). The higher percentages of floating grains may be 
attributed to modification of texture as a result of corrosion 
of grains by cement. 
The percentages of tangential or point contacts 
generally range from 14 to 78 percent, averaging 47.0 percent. 
The long contacts vary from 10 to 73 percent and average 
41.0 percent (Plate VII B ) . The concavo-convex contacts 
are present in smaller percentages in the examined thin 
sections (Plate VII C) . The percentages of concavo-convex 
contacts range from 1 to 16 percent averaging 5.0 percent. 
The sutured contacts, observed in a smaller number of samples, 
range from 1 to 7 percent and average 2.0 percent. 
Taylor (1950) discussed the time relationship between 
compaction and cementation and suggested that early cementation 
would result in the preservation of original packing. Consequ-
ently, the percentage of each type of contact in the lithified 
rock would be the same as in the originally deposited sand. 
The pressure effects are thus absent or at a minimum in 
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T a b l e 13: Number p e r c e n t of f l o a t i n g g r a i n s and t y p e s of g r a i n c o n t a c t s in C r e t a c e o u s 
s a n d s t o n e s , NE Gujara t . 
S a m p l e F l o a t i n g TYPE OF CONTACT 
No. G r a i n s 
S u t u r e d 
16 4 20 58 14 4 
29 3 40 49 7 1 
34 6 26 58 8 2 
42 
62 
63 
64 
65 
67 
70 
71 
79 I 26 57 14 2 
80 
81 
82 
83 
84 
86 
94 
95 
98 
99 
102 
103 
195 
197 
198 
199 
201 
202 
17 
47 
53 
55 
57 
71 
76 
79 
89 
93 
97 
99 
101 
5 
4 
11 
8 
3 
6 
10 
7 
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
5 
8 
14 
4 
4 
4 
8 
12 
7 
1 
23 
3 
21 
Point 
28 
65 
66 
55 
70 
70 
70 
72 
29 
15 
15 
20 
19 
14 
23 
22 
36 
23 
18 
14 
14 
28 
21 
14 
17 
26 
Long 
NASWADI SECTOR 
48 
28 
20 
33 
24 
20 
20 
18 
58 
73 
70 
72 
79 
72 
66 
66 
57 
62 
64 
70 
63 
60 
61 
70 
66 
64 
HIMATNAGAR SECTOR 
55 
53 
22 
46 
37 
23 
44 
70 
70 
33 
65 
55 
52 
36 
36 
53 
48 
56 
64 
48 
17 
21 
63 
12 
39 
26 
Concavo-
convex 
15 
2 
3 
4 
3 
3 
-
3 
10 
10 
12 
7 
9 
12 
9 
10 
6 
12 
13 
12 
16 
9 
12 
13 
12 
7 
3 
1 
8 
-
1 
5 
-
-
1 
2 
-
1 
1 
3 
2 
3 
1 
2 
2 
2 
2 
1 
3 
5 
4 
7 
3 
6 
3 
5 
3 
1 
2 
3 
2 
2 
4 
1 
1 
1 
159 
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107 
120 
296 
Zfl 
298 
299 
300 
316 
317 
319 
320 
1 
2 
3 
5 
6 
228 
229 
230 
232 
233 
236 
9 
12 
13 
15 
16A 
17A 
6 
14 
1 
3 
1 
2 
-
3 
6 
3 
5 
26 
3 
13 
7 
6 
3 
12 
7 
8 
10 
4 
1 
7 
1 
3 
10 
6 
48 
42 
72 
52 
60 
64 
51 
76 
75 
68 
73 
63 
55 
60 
59 
54 
69 
60 
78 
76 
68 
67 
55 
70 
60 
65 
65 
62 
46 
43 
24 
40 
37 
30 
45 
19 
18 
28 
19 
FATEHPUR SECTOR 
10 
31 
22 
32 
36 
27 
25 
14 
14 
22 
26 
PAVAGARH SECTOR 
40 
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30 
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D 
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F = Floating Grains, P = Point Contact, L = Long Contact, C= Concave-Convex 
Contact, S= Sutured Contact 
F1G.42 DISTRIBUTION OF VARIOUS TYPES OF GRAIN CONTACTS IN CRETACEOUS 
SANDSTONE OF (A) HIMAT-NAGAR SECTOR (26Samples) , (B) NASWADl 
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PLATE - V H 
Photomicrographs and scanning electron micrographs 
of the Cretaceous sandstones, NE Gujarat showing diage-
net i c features. 
A. Modification of texture by cement. Quartz grains are 
corroded by calcite cement (uncrossed nicols) (x60). 
B. Long contacts between detrital quartz grains, (uncrossed 
nicols (6 Ox). 
C. Concavo-convex contact (uncrossed nicols) (60x), 
D. Scanning electron micrograph (100 um) showing almost 
unfilled pore space. The planar and euhedral faces 
of detrital quartz grains surrounding the pore space 
are the result of overgrowths which have not been 
very effective in reducing the intergranu1ar pore 
space . 
E. Scanning electron micrograph (10 um) showing primary 
intergranu1ar pore space and minor secondary pore 
space generated by corrosion and solution action of 
calcite on detrital grains of quartz. 
F. Scanning electron micrograph (10 um) showing pressolved 
areas with linear pattern and ridges on a quartz grain. 
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sandstones which have undergone early cementation. The early cemented 
sandstones show mostly floating grains and point contacts as a result 
of original packing. The development of long contacts is highly variable 
as their occurrance is controlled by many factors. Long contacts may 
result from original packing of grains with straight sides or edges, 
or from pressure and precipitation of cement. Long contacts resulting 
from pressure develop early in the consolidation of the sand, where 
grains rotate and adjust themselves to the boundaries of the adjacent 
grains as a response to gravitational compaction or minor earth movements. 
When solid flow begins, long contacts will be formed where yielding 
grains pressed against adjacent rigid grains having relatively straight 
edges. If the adjacent grains are well rounded, concavo-convex contacts 
will result (Plate VII D). Long contacts may thus represent an evolutionary 
stage between original point contacts and final sutured contacts. 
Thus, long contacts are developed during original packing as well 
as from pressure or precipitated cement. The effect of compaction 
by pressure in sandstones is indicated when a relat ively large percentage 
of contacts are long, concavo-convex and sutured. Such sandstones 
also show other evidences of mechanical compaction such as fractured, 
crushed and bent grains. To summarise, floating grains and point 
contacts are at t r ibutable to original packing; long contacts represent 
original packing, pressure, or precipitated cement; and concavo-convex 
and sutured contacts are generally the result of pressure (Taylor, 
1950). 
The samples under study show that floating and point contacts 
together form about 52 percent (Table 13). The abundance of floating 
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grains and point contacts suggests that the original packing 
is largely preserved. The average percentage of long 
contacts is 41 percent. As suggested by Taylor (1950) 
long contacts are developed during original packing as 
well as from pressure or precipitated cement. However, 
sands which have undergone considerable compaction will 
also display a considerable percentage of concavo-convex 
and sutured contacts. Since concavo-convex contacts 
and sutured contacts in the sandstones under study average 
only 5.0 percent and 2.0 percent respectively, it appears 
that the sandstones have suffered little compaction. 
In view of this the long contacts in the sandstones are 
perhaps the result of mostly original packing. Taylor 
(1950) concluded that early cemented sandstones show 
mostly floating and point grain contacts, whereas mechani-
cally compacted sandstones show mostly concavo-convex 
and sutured contacts. In the studied sandstones floating 
grains together with point and long contacts forip about 
93 percent, whereas the concavo-convex plus sutured contacts 
form only 7.0 percent. Thus, the relative percentages 
of various types of grain contacts suggest that the sands-
tones were cemented early and consequently show little 
compaction effects. The original packing of the sandstones 
is largely preserved. 
POROSITY REDUCTION 
The original porosity of a sediment is modified, 
that is either reduced or increased during diagenesis. 
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In clastic sediments the two main processes which cause reduction 
in porosity are cementation and compaction. 
An estimate of porosity reduction may be obtained by 
the measurement of the 'minus-cement' porosi ty. Heald (1956) 
defined 'minus-cement' porosity as the porosity which would be 
present if a specimen contained no chemical cement, i . e . the porosity 
that existed before cementation took place. If minus-cement porosity 
of a sandstone is almost equal to the original porosity of a freshly-
deposited sand, it would mean that the sandstone has suffered 
very l i t t le compaction before cementation. 
Considering the above described relationship,minus -cement 
porosities of the studied sandstones were computed by adding 
the volume of cement to the volume of voids present. The volumes 
of cement and voids were measured in each thin section. 
The studies on random packing arrangements in sediments 
and in aggregates of spheres provide us with some information 
on initial porosi t ies . King (1898) found porosities of 34 percent 
for coarse-grained to 38 percent for fine grained, well sorted 
sands. Ellis and Lee (1919) reported values of 39-49 percent for 
unconsolidated sand. Fraser (1935) studied packing arrangements 
experimentally using lead shot and found that the porosities range 
anywhere between 37.2 to 38.7 percent. Scott (1960) experimented 
with steel ball bearings and produced two types of random packing 
arrangements, a dense one with a porosity of 35.3 percent and 
a loose one with a porosity of 39.3 percent. Bernal and Mason 
(1960) obtained a porosity of 36 percent using steel ball bearings. 
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Bernal and Finney (1967) obtained porosities of 37 to 40 percent 
for randomly packed spheres withloose and close packing. Beard 
and Weyl (1973) showed that well sorted and artificially packed 
sands have porosities of about 39 percent, while Pryor (1973) 
studied Recent sand bodies and obtained an initial porosity of 
about 45 percent. 
Manus and Coogan (1974) and Sibley and Blatt (1976) 
suggested that orthorhombic packing is probably the most appropriate 
initial packing arrangement for well sorted sandstones since the 
initial porosity in this case is close to 40 percent, which agrees 
with the 40 ± 3 percent figure given by several of the studies 
cited above. The initial porosity of the Cretaceous sandstones 
under study is therefore assumed to be approximately 40 percent 
inasmuch as the sandstones are well sorted to moderately well 
sorted and fine to medium grained. 
The existing porosities of the studied samples range 
from 1 to 37 percent and average 15.0 percent (Table 14) (Plate 
VII D , £ ) . Their computed minus-cement porosities range from 
10 to 44 percent and average 31 percent. The difference between 
the assumed initial porosity (40 percent) and average minus-cement 
porosity (31 percent) suggests that in general the sandstones of 
the study area were cemented soon after deposition and prior 
to distinct compaction. This conclusion is supported by the study 
of grain to grain relationships which also suggest that the studied 
sandstones were cemented early and were subjected to little compaction 
effects (Plate VII F) . 
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Table 14: Porosity, percentage in the Cretaceous sandstones, NE Gujarat. 
Sample Porosi ty Cement Minus cement 
NO. Percentage Percentage Porosity Percentage 
16 11 
19 5 
21 
24 1 
26 9 
29 10 
33 
34 3 
35 1 
36 2 
38 2 
39 3 
42 16 
62 
63 5 
64 3 
65 1 
66 3 
67 3 
70 1 
71 
79 7 
81 5 
82 11 
83 26 
84 9 
86 12 
111 7 
113 7 
114 3 
115 3 
118 
U9 2 
143 24 
144 11 
145 4 
148 7 
150 10 
192 
195 2 
197 2 
198 4 
201 6 
202 
1 3 
2 6 
NASWADI SECTOR 
13 
10 
17 
23 
21 
13 
29 
23 
28 
37 
24 
30 
6 
36 
31 
33 
34 
35 
35 
35 
38 
12 
13 
8 
3 
10 
10 
7 
14 
11 
13 
26 
12 
14 
19 
24 
12 
11 
18 
10 
18 
6 
13 
24 
HIMATNAGAR SECTOR 
35 
35 
24 
15 
17 
24 
30 
23 
29 
26 
29 
39 
26 
33 
22 
36 
36 
36 
35 
38 
38 
36 
38 
19 
18 
19 
29 
19 
22 
14 
21 
14 
16 
26 
14 
38 
30 
28 
19 
21 
18 
12 
20 
10 
19 
24 
38 
41 
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7 
11 
16 
17 
20 
21 
23 
27 
28 
33 
34 
42 
44 
47 
55 
57 
61 
63 
76 
79 
89 
90 
99 
103 
105 
107 
120 
295 
300 
302 
315 
316 
317 
319 
320 
321 
37 3 
377 
379 
1 
2 
3 
5 
6 
228 
229 
230 
232 
9 
11 
12 
13 
15 
26 
24 
29 
36 
37 
31 
17 
3 
6 
24 
29 
29 
21 
28 
31 
24 
28 
26 
16 
25 
31 
14 
20 
26 
27 
9 
28 
14 
8 
17 
19 
24 
29 
27 
29 
26 
15 
21 
25 
2 
2 
4 
4 
3 
8 
7 
2 
4 
3 
4 
1 
4 
5 
13 
12 
8 
6 
5 
10 
4 
35 
35 
16 
10 
7 
17 
8 
6 
10 
10 
18 
25 
15 
6 
23 
20 
12 
13 
24 
10 
20 
23 
11 
20 
9 
7 
8 
5 
7 
10 
12 
6 
FATEHPUR SECTOR 
39 
32 
33 
34 
23 
21 
23 
23 
31 
PAVAGARH SECTOR 
24 
24 
35 
24 
29 
39 167 
36 
37 
42 
43 
41 
21 
38 
41 
40 
39 
36 
38 
36 
37 
34 
38 
44 
41 
40 
37 
37 
40 
38 
40 
33 
38 
34 
31 
28 
39 
33 
36 
35 
34 
33 
25 
33 
31 
41 
34 
37 
38 
26 
29 
30 
25 
35 
27 
28 
36 
28 
34 
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DEPTH OF BURIAL 
Type of grain contacts and the amount of poros i ty reduct ion 
were employed to s tudy the depth of bu r i a l of t h e s tud ied sands tones . 
Maculloh (1967) s tudied the r e l a t i o n s h i p between total 
po ros i ty and depth of bur ia l for s ed imen ta ry rocks on the bas i s 
of s eve ra l thousand l abora to ry measurements . The average 'minus 
cement ' po ros i ty of the s tudied sands tones (31 percent ) p lot ted 
on the Macul loh ' s (1967) g raph of p o r o s i t y Vs dep th suggests 
a dep th of bur ia l of nea r ly 2000 feet ( F i g . 43 ) . Lapinskaya and 
P rosh lyakov (1971) s tud ied the r e l a t i o n s h i p between poros i ty and 
depth of bur ia l in Mesozoic and upper Paleozoic d e p o s i t s of U.S.S.R, 
This p o r o s i t y Vs dep th plot shows a sy s t ema t i c r e l a t i o n s h i p between 
the two, p o r o s i t y dec reas ing with d e p t h . The ave rage minus-cement 
po ros i ty of the s tud ied samples when p lo t t ed on t h i s graph indica tes 
a d e p t h of bur ia l of nea r ly 2,000 feet ( F i g . 44) . 
Taylor (1950) r e l a t ed the t y p e of gra in contacts with 
depth of bu r i a l of s e d i m e n t s . Types of contacts showed a p rog res s ive 
change with d e p t h , from those r e su l t i ng from or ig ina l packing 
to those resu l t ing from p r e s s u r e . Each t y p e of contact had i t s 
i nd iv idua l t rend with changing d e p t h . The point contacts decreased 
exponen t i a l ly with increas ing depth and were absent at a depth 
of 7,271 feet . Long contacts were found to be most abundant at 
4,535 feet dep th and dec reased s l i g h t l y in r e l a t i v e importance 
in t h e deepe r s a n d s . The concavo-convex contac ts g radua l ly increased 
in impor tance and r eached t h e i r maximum at a depth of 7 000 feet 
and then d e c l i n e d . Sutured contacts f i r s t a p p e a r e d between 4,535 
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feet and 6,872 feet dep th and inc reased p r o g r e s s i v e l y to the maximum 
in d e e p e s t s a n d s . 
The average percentage of each t y p e of grain contact 
in the s tud ied samples was p lo t t ed as a point on the g raphs (Fig.45) 
showing ind iv idua l t r ends of the va r ious t y p e s of contacts obta ined 
by Taylor (1950) . The p lo t ted po in ts ind ica te an approx imate 
depth of bur ia l of 3000 feet for t h e s t u d i e d s ands tones . 
TYPES OF CEMENT 
Four t y p e s of cementing ma te r i a l s occur in the sandstones 
of the s tudy area and include s i l i c a , i ron o x i d e , c lay and ca lc i te 
in o r d e r of abundance . The pa ragenes i s of var ious cementing 
ma te r i a l s was de termined and t h e i r o r d e r of formation is c l ay , 
c a l c i t e , s i l i c a and l a s t l y iron o x i d e ^ T a b l e 15) . 
Si l ica Cement 
The percen tages of s i l i c a cement in t h e sandstones general ly 
range from 1 to 11 percent and occas iona l ly upto 34 pe rcen t . In 
most of the samples s i l i ca cement occurs in the form of quartz 
ove rg rowths which show opt ica l cont inui ty with d e t r i t a l quar tz 
g r a i n s . Authigenic quar tz ove rg rowths on d e t r i t a l grains of quar tz 
a re o b s e r v e d to fill up t h e in t e rg ranu la r spaces only pa r t l y 
(Plate VIII A). The euhedra l out l ines of au th igenic quar tz overgrowths 
a re c l e a r l y seen in scanning e lec t ron mic rographs (Plate VII D ,E) . 
In some th in sect ions s i l i ca cement cons is t s of mainly 
cha lcedonic and m i c r o c r y s t a l l i n e quar tz and some protochalcedonic 
in 
hi 
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Table 15: Percentages of detrital grains, void space, and cement of Cretaceous sands tones . 
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Sample Detr i ta l Void Silica Carbonate Iron Clay 
No. Grains Space Cement Cement Cement Cement 
16 
19 
21 
24 
26 
29 
33 
34 
35 
36 
38 
39 
42 
62 
63 
64 
65 
66 
67 
70 
71 
79 
81 
82 
83 
84 
86 
111 
113 
114 
115 
118 
119 
143 
144 
145 
148 
150 
192 
195 
197 
198 
201 
202 
1 
2 
7 
11 
76 
85 
83 
76 
70 
77 
72 
74 
71 
61 
74 
67 
78 
64 
64 
64 
65 
62 
62 
54 
62 
81 
82 
81 
71 
81 
78 
86 
79 
86 
84 
74 
86 
62 
70 
72 
81 
79 
82 
88 
80 
90 
81 
76 
62 
59 
61 
64 
NASWADI SECTOR 
11 
5 
-
1 
9 
10 
-
3 
1 
2 
2 
3 
16 
-
5 
3 
1 
3 
3 
1 
-
7 
5 
11 
26 
9 
12 
7 
7 
3 
3 
-
2 
24 
11 
4 
7 
10 
-
2 
2 
4 
6 
-
3 
6 
26 
24 
8 
5 
8 
5 
6 
13 
2 
10 
10 
2 
8 
7 
6 
2 
2 
6 
2 
3 
4 
1 
4 
3 
1 
1 
1 
2 
3 
7 
11 
11 
8 
3 
10 
9 
3 
4 
6 
9 
15 
10 
9 
6 
6 
11 
HIMATNAGAR 
..1 
2 
11 
8 
-
-
-
-
-
-
-
-
-
-
-
-
-
3 
4 
-
14 
17 
5 
28 
12 
-
-
-
-
" • 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
SECTOR 
34 
33 
-
_ 
2 
-
-
-
-
-
8 
-
8 
-
-
-
-
13 
3 
4 
2 
4 
2 
-
• 5 
9 
12 
7 
2 
8 
6 
-
-
-
-
-
-
-
-
:: 
-
2 
3 
-
2 
-
-
-
-
-
2 
2 
3 
5 
9 
18 
15 
-
18 
13 
10 
35 
16 
23 
-
18 
ZZ 
23 
16 
11 
24 
6 
17 
_ 
_ 
-
-
1 
-
-
3 
-
5 
23 
2 
5 
10 
7 
6 
-
-
-
7 
-
7 
13 
-
-
-
2 
Table 15 (Contd.) 
17 
20 
21 
23 
27 
28 
33 
34 
42 
44 
47 
55 
57 
61 
63 
76 
79 
89 
97 
99 
101 
U>> 
105 
107 
120 
295 
300 
302 
315 
316 
317 
319 
320 
321 
373 
377 
379 
1 
2 
3 
5 
6 
228 
229 
230 
232 
9 
11 
12 
13 
15 
16A 
17A 
58 
58 
59 
79 
62 
59 
60 
61 
64 
62 
64 
63 
56 
62 
56 
59 
60 
63 
45 
60 
50 
62 
60 
67 
62 
66 
69 
62 
61 
67 
64 
65 
66 
67 
75 
67 
69 
59 
66 
63 
62 
76 
71 
70 
75 
65 
73 
72 
64 
72 
66 
71 
76 
36 
37 
31 
17 
3 
6 
24 
29 
29 
21 
28 
31 
24 
28 
26 
16 
25 
31 
20 
10 
26 
27 
9 
28 
14 
8 
17 
19 
24 
29 
27 
29 
26 
15 
21 
25 
2 
2 
4 
4 
3 
8 
7 
2 
4 
3 
4 
1 
4 
5 
2 
4 
5 
3 
8 
-
28 
34 
9 
10 
5 
8 
6 
5 
2 
2 
2 
2 
-
4 
4 
-
6 
3 
-
1 
14 
8 
7 
7 
6 
3 
5 
-
7 
8 
12 
6 
FATEHPUR 
1 
2 
2 
11 
1 
4 
2 
2 
3 
PAVAGARH 
4 
-
1 
-
1 
-
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
24 
8 
-
-
-
-
-
-
-
-
-
-
-
-
SECTOR 
38 
30 
31 
33 
22 
17 
21 
1 
-
SECTOR 
-
-
-
-
-
-
-
1 
2 
1 1 
4 
7 
1 
7 
2 
1 8 
2 
1 
6 2 
8 
4 12 
22 1 
9 6 
2 
55 
16 
27 13 
6 
5 5 
1 
4 2 
6 9 
4 
13 
3 
4 
3 
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15 
6 
1 
24 
34 
24 
28 
27 
19 
5 
22 
19 
-
-
-
-
-
-
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quartz and mega quartz (Plate VIII B). The chalcedonic quartz 
cement comprises radiating microfibrous quartz forming fan-shaped 
aggregates. Microcrystalline quartz consists of subequent, randomly 
oriented, interlocking grains of less than 0.08 mm size and show 
pinpoint birefringence. Protochalcedonic quartz represents the 
incipient stage of silicification and occurs adjacent to the grain 
boundaries. Mtgaquartz occurs as aggregate of drusy quartz showing 
straight extinction and normal refractive index. 
Large intergranular spaces show the development of all 
the above described morphological types of silica cements. A 
typical , completely filled large intergranular space shows proto-
chalcedonic quartz adjacent to the detr i ta l grain boundaries followed 
inward by successively microcrystalline quartz, chalcedonic quartz 
and finally the mega-quartz which form the center of the cavity. 
The close association between the various morphological types 
of quartz cements indicates a paragenetic relat ionship, and the 
sequence of the formation from the grain boundaries to the center 
of the cavities is same as described by Goldstein and Hendricks 
(1953) and Choquette (1955). In some other cavities which are 
part ial ly filled up, the sequence of the formation of various morpho-
logical type deviates from the ideal sequence described above. 
In some cavities proto-chalcedonic quartz or microcrystalline quartz 
follows chalcedonic quartz towards the center of the cavi ty. 
It is difficult to interpret the source of silica cement. 
Chanda (1963) believed that secondary sil ica cement in the sandstones 
of Cretaceous Lameta beds is derived from hydration and leaching 
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of overlying t r a p s . This is supported by the observation in the 
study area that silica cement increases in the proximity of t r aps . 
Carbonate Cement 
Calcite cement shows patchy distr ibution and forms 4 
to 38 percent by volume of the rock {Plate VIII C). The patches 
of calcite cement consist of a crystal l ine calcite mass enclosing 
several detr i tal grains. The boundaries of replaced detrital grains 
are markedly etched and corroded by adjoining calcite cement. 
Few detr i tal grains have been forced apart by recrystallization 
of calcite cement along incipient fractures, and physical and optical 
continuity of such grains have been dest royed. The original framework 
of the sandstones has been modified as a result of replacement 
of detr i tal grains by calcite cement but this modification is not 
extensive in view of the patchy dis tr ibut ion of calcite cement 
and i ts limited occurrence. 
The formation of large crysta ls of calcite indicates slow 
precipitation from dilute solution rather than rapid crystallization 
around many nuclei as described by Dapples (1971). Moreover, 
replacement cementation clearly implies chemical instability of 
the quartz grains and a slow rate of cementation resulting in solution 
of the sil icate grains (Dapples, 1971). The replacement of quartz 
by calcite implies that pore waters were undersaturated with respect 
to quartz and supersaturated with respect to calci te. The calcite 
cementation occurred slowly covering a large time span which 
is evidenced by corroded quartz grains and indistinct boundary 
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between quartz grains and carbonate cement. Quartz was corroded 
by the continued movement of f luids . 
There is no evidence to suggest that calcite cement is 
the result of dissolution of carbonate shell material and i ts repreci-
pitation as cement. Further, there is no evidence that detrital 
calcite grains have contributed to cement. 
Clay Minerals 
The percentages of clay minerals in the sandstones range 
from 1 to 24 percent. Kaolinite is the most common clay mineral 
and occurs as intergranular microcrystalline aggregates. The scanning 
electron micrograph of the crystal l ine aggregates shows platy 
form of Kaolinite (Plate VIII D). The mineral is colourless and 
has low birefringence. It resembles microcrystalline quartz but 
can be distinguished from the latter by higher indices of refraction 
and lower interference colour (gray) . The presence of kaolinite 
has been confirmed by X-ray diffraction studies (Fig. 46,47,48). 
Some intergranular clay material in the sandstones occurs 
as colourless patches comprising very minute interlocking micro-
micaceous flakes (Plate VIII E). The minute flakes show higher 
interference colour and are identified as i l l i t e . These i l l i te flakes 
occur intimately associated with kaolinite and also form separate 
patches. X-ray diffraction analysis has also confirmed the presence 
of i l l i t e (Fig, 48), 
The clay minerals in sandstones can orginate in three 
lys: (1) as detr i tal part icles brought into the basin of deposition 
178 
,jl^,AY>i 
^^^''^'^•^^AA.-A/rvvv^^ 
•'^iv^W 
^ ^ ^ V V . - W , ^ ; V V A V ^ ^ ^ ^ ^ V V A / ^ ^ 
•W,wv,^ ,Vw*s^VTV'f'f*^ 
' ••V^v^A 
|VM*vVAV»V«" '•VM 
15 
-ir / i i V WAV l i l F P U A f ' T l o M C U U V E S Ul CI AY l U A C l l O N b L I ' A U M L U I HUM SANDSTONES 
• IN'H M A I E A ^ ^ ^ ^ ^ ^ ( S.N0.103), B. PARBARA SECTION (S NO 101), 
C S P L E SECTION S NO 1001, 0 MALIWARA SECTION (S N035),(l.Untreated,2. Treated , 
with ethylene glycol,3. Heated at 550°C) 
10 
179 
^^^^^^^^J^^^^ ^/. . . .VMV'^^^^'' '^^ 
V i ^ Y v W ^ I 
^ ' ' •^• ' ' ' ' '^^^ '^^ " ^ 'Vw^ , ^Vv . . ^ ,M^^ 
^^ ^^ ^^ ^^ .^ W^"^ ^ 
1,,/VASA, 
25 20 15 10 30 25 20 15 10 
FIG 47 X-RAY DIFFRACTION CURVES OF CLAY FRACTION SEPARATED FROM SANDSTONES 
IN HIMATNAGAR SECTOR A,PAL ACE SECTION (S NO 531, B, PAL ACE SECTION (S NO 5 8 ) , 
C, TEMPLE SECTION (S NO 1111,D,HATHMATI RIVER SECTION (S N015), (1 Untreated , 2 Treated with 
Ethylene glycol,3 Heated at 550°C1 
180 
in 
O 
in 
O 
O 
UJ < 
< CO 
£"« 
00 <(; 
o en 
Y- o 
< o 
CC UJ 
Q 
D 
d 
z 
(/I 
en 
in 
' 
o f\j 
>; ^ 
<ZD 
-J a. 
U X 
00 Li_ 
Ld c^ 
> 
^ Q 
7^  < 
^ ^ 
Z 00 
O < 
I -
o 
< 
Q^ 00 
g 
h-
o 
UJ 
00 
< 
UJ 
Q 
< 
o 
o 
in ^ 
? do 
LL 1x1 on (/) 
t z -- ^  
Q o z z 
Q^  z o o 
I < UJ UJ 
X 00 on on 
CO 
u_ 
PLATE VIII 
181 
PLATE - VIII 
Photomicrographs and scanning electron micrographs 
of the Cretaceous sandstones, NE Gujarat showing diagenetic 
features . 
A. Development of silica cement as overgrowths on detrital 
quartz grains. The overgrowths only partly fillup 
the pore spaces (crossed nicols) (x50). 
B. Mi crocrys t a 1 1 ine quartz cement is seen in the upper 
part of the photograph. Mega-quartz cement can be 
noted in the lower right part of the photograph (crossed 
nicol) (xl75). 
C. Ca1cite-cemented sandstone showing patchy distribution 
of calcite cement. Calcite cement also replaces detri-
tal grains of quartz which show corroded outlines 
(crossed nicols, 50x). 
D. Scanning electron micrograph (10 um) showing plates 
of Kaolinite in the intergranu1ar spaces. The kaolinite 
plates donot show a perfect crystalline form suggesting 
their allogenic nature. 
E. Intergranu1ar clay material in the forms of interlocking 
micro-micaceous flakes is probably illite (crossed 
nicols) (xl75) 
F. Iron oxide cement between quartz grains. Quartz grains 
are corroded indicating the presence of an earlier 
calcite cement (crossed nicols) (x50). 
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as a result of erosion and redis tr ibut ion of rocks; (2) by insitu 
alteration of unstable detri tal grains such as fe ldspars , micas 
and volcanic glass , (3) by deposition from solution in the intergranular 
pores of sediments during diagenesis as an interst i t ia l cement. 
The first type of clay minerals are allogenic whereas the remaining 
are authigenic. The distinction between the detr i tal and authigenic 
components of a rock is based purely on textural evidence obtained 
from the study of thin sections. 
It is very difficult to diffrentiate between allogenic 
and authigenic c lays . However, several lines of evidence suggest 
that clay component of the sandstones is allogenic. It is believed 
that authigenic clay minerals suite are monomineralic because such 
clays are formed under a limited range of subsurface physical 
and chemical conditions. On the other hand allogenic clays are 
generally mixtures of two or more clay minerals because they 
are derived from a diverse series of rock types and soi l , 
Authigenic clays often show crystal l ine habi t s . This 
is one of the most widely used cri terion for distinguishing authigenic 
clays and is considered to be very re l iab le . The delicate nature 
of the clay flakes precludes extended t ransport . The kaolinite 
flakes of the Cretaceous sandstones do not show perfect crystalline 
shape indicating their transport and allogenic nature. Authigenic 
clays are not deformed by compaction (Gilbert, 1949). Allogenic 
clays and micas often confirm to the outlines of the adjacent coarser 
detri tal grains as a result of deformation during compaction. The 
sandstones show that micas and clays are deformed and wrapped 
around the detr i tal grains of quartz. This also suggests that micas 
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and c l ays a re a l logenic . The al logenic kao l in i t e in t h e sandstones 
was p r o b a b l y formed by the intense weather ing of g ran i tes and 
gne isses in the p rovenance . 
Iron Oxide Cement 
Most of the s tudied samples show iron ox ide cement 
which forms 1 to 34 percent and occas iona l ly upto 55 percent 
by volume of t h e r o c k . In genera l , samples from top of the formation 
a re r i c h e r in iron ox ide cement whereas those from the basal 
par t of t h e formation a re poorer in i ron ox ide cement. 
Iron ox ide cement occurs in t h e form of coatings around 
d e t r i t a l grains as well as p a t c h e s . Thin sect ions with pa tches 
of i ron ox ide cement show replacement and cor ros ion of d e t r i t a l 
g ra ins (Plate VIII F ) . The p resence of co r roded quar tz grains 
suggests the presence of an e a r l i e r ca l c i t e cement which was l a te r 
r ep l aced by iron o x i d e . The i ron ox ide cement is p e r h a p s d e r i v e d 
from weather ing and leaching of the ove r ly ing t r a p s . 
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T r o u g h 3 5 0 , 3 3 0 , 3 3 0 , 2 5 0 , 2 6 5 , 2 7 0 , 2 3 5 , 
2 6 5 , 3 1 5 , 3 3 0 , 2 9 0 ( n = l l ) 
N = 31 
4 5 , 8 5 , 2 4 5 . 2 6 0 . 1 5 . 3 2 0 , 3 1 0 , 3 1 0 , 
2 9 0 . 3 0 0 ( n = 1 0 ) 
3 1 5 , 3 1 0 . 2 9 0 . 3 4 5 , 3 0 0 , 3 3 5 , 3 1 5 , 
3 1 0 , 2 8 5 , 2 9 0 . 2 5 5 , 2 8 0 , 3 2 5 . 2 9 0 , 
2 8 0 , 2 9 0 , 2 7 5 , 3 1 5 , 2 3 0 , 3 5 0 ( n = 2 0 ) 
N = 30 
2 7 0 . 3 2 5 . 3 1 5 , 1 5 5 , 1 4 0 , 1 9 0 ( n = 6 ) 
2 6 0 , 2 7 5 , 2 7 0 . 2 9 5 , 2 8 5 , 3 2 5 , 2 9 0 , 
2 1 0 , 2 3 0 . 1 6 0 . , 2 3 0 , 2 7 5 , 1 4 5 , 7 0 , , 
135 (n=15) 
N = 21 
1 6 , 3 4 0 , 3 2 0 , 3 5 0 , 3 3 5 , 2 7 0 . 2 6 0 , 
3 2 0 , 3 3 5 , 3 2 0 , 2 7 0 . 2 7 0 . 1 2 0 , 1 9 5 . 
2 0 5 , 2 5 5 , 1 7 5 , 2 8 0 ( n = 1 8 ) 
3 4 0 , 4 5 , 2 3 0 , 1 9 0 , 2 8 0 . 2 6 0 , 1 6 0 , 
2 7 0 , 3 4 0 . 1 8 0 . 1 9 0 , 2 2 0 , 2 3 0 , 2 4 5 , 
2 6 5 ( n = 1 5 ) 
N = 33 
1 4 0 , 2 2 0 ( n = 2 ) 
1 4 0 , 1 6 0 , 2 0 5 , 1 4 0 . 2 1 5 . 3 5 0 , 2 6 5 , 2 3 0 , 
2 1 0 , 1 9 0 , 1 8 0 . 1 6 0 . 2 0 5 , 1 7 0 , 2 5 0 , 1 5 5 , 
1 5 0 , 2 2 0 , 1 2 5 , 2 4 0 , 1 6 0 , 9 0 , 1 7 0 { n = 2 3 ) 
N = 25 
P l a n a r 1 6 0 , 2 4 5 , 2 1 0 , 2 3 0 , 2 1 5 , 1 4 0 , 1 6 0 , 1 5 0 , 
3 2 5 , 1 4 5 , 1 5 0 , 1 4 0 , 1 3 0 { n = 1 3 ) 
T r o u g h 2 9 5 , 3 1 5 , 1 4 0 . 1 3 0 , 3 1 5 , 3 0 5 , 2 7 0 . 
1 2 5 , 3 1 0 , 3 0 5 , 3 4 0 , 3 2 5 , 2 3 5 , 3 3 0 , 
3 1 0 . 3 2 0 ( n = 1 6 ) 
N = 29 
LUNADRA P l a n a r 
T r o u g h 
AMAI.IYA 
LINDA 
P l a n a r 
Troug l i 
P l a n a r 
T r o u g h 
DHAMASIYA P l a n a r 
T r o u g h 
AGAR 
2 4 , 1 2 . 1 5 
6 , 1 4 , 8 , 8 , 1 9 , 9 , 6 
4 , 4 , 3 . 1 1 . 1 2 , 1 5 , 6 , 
3 , 4 , 9 . 6 , 1 1 . 1 3 , 
2 , 4 , 1 5 
1 4 , 1 5 , 2 7 , 6 , 6 . 1 6 , 
1 4 , 1 2 , 1 4 , 1 2 , 1 6 , 6 , 9 . 
2 5 . 5 , 6 . 1 5 . 5 , 1 4 . 0 
9 . 6 , 4 , 6 , 9 , 2 0 , 
32,13 
1 0 . 4 , 1 8 . 4 . 1 2 , 1 2 
2 5 , 1 2 , 9 , 1 2 , 1 1 , 1 5 . 
1 4 , 9 , 1 1 , 5 , 1 6 , 1 6 , 
1 8 , 1 6 . 6 
6 , 1 3 
1 2 . 5 , 6 
8 , 6 , 1 2 
4 0 , 3 2 , 1 5 , 1 6 , 2 0 , 2 6 . 1 0 . 6 0 
2 0 . 2 1 . 2 5 . 2 2 . 1 6 . 6 6 
2 1 . 2 2 . 1 4 , 1 6 
5 , 9 , 1 2 , 1 2 , 2 . 
1 6 , 1 5 , 1 2 , 1 0 , 1 6 , 1 9 
7 . 9 . 7 . 9 . 6 , 6 , 1 1 
1 0 . 1 0 , 1 6 , 1 0 , 1 0 , 1 6 , 
9 , 1 9 . 1 2 , 1 4 . 1 0 , 1 2 , 
9 . 1 5 . 1 0 , 1 0 , 8 , 5 
1 0 , 8 , 8 . 1 0 , 1 5 , 1 8 
6. 3 , 6 , (, 
6 . 6 , 8 , 1 0 , 9 , 1 0 , 9 , 
7 . 1 0 , 9 . 6 , 5 . 5 
1 3 , 2 , 4 , 1 4 , 3 0 , ! 
7 . 1 2 . 6 
, 6 . 9 . 6 , 5 , 6 . 9 , 6 , 6 , 
17,12 
A p p e n d i x ( C o n t d . ) 
AKONA Planar 
Trough 
LIMBADIYA Planar 
Trough 
POTHALIPURA Planar 
Trough 
II 
SOIKUWA 
KAKADIYA 
POCHAMBA 
GHODISIMAL 
Planar 
Trough 
Planar 
Trough 
P lanar 
Trough 
Planar 
Trough 
2 3 0 , 1 4 0 
1 5 5 , 1 2 0 
2 0 0 , 1 3 5 
N = 19 
1 4 5 , 1 5 0 
3 1 0 , ( n = 
N == 6 
2 2 5 , 1 8 5 
(n=8) 
2 0 5 , 1 9 0 
2 6 0 , 2 6 5 
1 3 5 , 2 5 0 
5 0 , 8 0 , 1 
N = 36 
2 0 0 , 1 7 5 
135 ,215 
1 8 5 , 2 0 , 
1 6 0 , 1 7 0 
N := 28 
1 7 5 , 1 6 0 
3 3 0 . 2 7 0 
3 4 5 , 1 8 5 
N = 21 
2 4 0 , 2 3 0 
2 2 5 , 1 4 0 
1 2 5 , 2 0 5 
2 6 0 , 3 2 5 
N = 24 
2 3 0 , 1 7 5 
1 9 0 , 1 5 0 
N = 11 
, 1 7 5 , 1 2 0 , 1 8 5 , 2 6 5 . 1 4 0 , 1 5 0 , 6 , 4 , 7 . 5 , 2 0 , 6 , 7 , 6 , 6 , 7 , 8 , 9 
, 1 2 5 , 1 4 0 , 1 8 0 ( n = 1 3 ) 
, 1 3 0 , 1 5 0 . 1 6 5 , 1 2 1 { n = 6 ) 
, 1 7 0 , 1 8 0 , 2 0 0 ( n = 5 ) 
1) 
, 3 4 5 , 3 4 0 , 1 5 , 1 6 5 , 1 4 5 , 3 3 0 . 
. 2 4 5 . 3 4 0 . 3 4 5 . 2 4 0 , 2 9 0 , 2 4 0 
. 2 9 5 . 3 2 5 , 3 1 0 . 3 5 0 , 2 3 5 . 2 1 0 
, 2 1 0 , 2 6 5 , 1 8 5 , 2 2 0 , 2 7 5 , 2 5 5 
4 5 , 1 4 5 ( n = 2 8 ) 
, 1 3 5 , 9 0 . 1 8 5 . 2 1 0 . 2 1 0 , 2 0 5 , 
, 2 0 5 , 1 0 0 , 1 8 0 , 1 3 0 ( n = 1 4 ) 
2 1 5 , 1 4 5 . 2 3 0 , 2 0 0 . 1 7 0 , 1 6 5 . 
, 2 3 0 , 1 3 5 , 1 8 0 , 1 3 0 ( n = 1 4 ) 
1 4 , 9 . 1 0 . 1 6 
6 . 8 . 9 , 1 9 
1 1 , 4 , 4 , 4 , 1 1 , 8 
4 , 1 4 
3 , 1 5 , 1 4 , 6 , 4 , 1 9 
1 2 , 1 2 , 4 , 3 , 1 1 
9 , 5 , 6 , 6 , 6 
2 1 , 4 , 4 , 4 . 8 , 3 , 9 
8 , 3 
, 1 5 5 . 1 4 5 . 1 9 5 , 1 4 5 , 1 6 5 ( n = 7 ) 1 0 , 1 4 , 1 3 , 4 , 9 , 1 1 , 9 , 4 , 3 , 5 , 6 , 7 , 6 
, 1 9 5 , 2 1 0 , 2 3 5 , 2 5 5 , 2 7 5 , 3 5 5 . " 12 
, 2 6 0 , 9 0 , 3 5 5 , 3 2 0 ( n = 1 4 ) 
, 1 2 5 , 1 5 0 , 1 4 5 , 2 4 0 , 2 4 5 , 2 3 5 
, 2 4 5 ( n = l l ) 
, 1 1 0 , 1 8 0 , 2 0 5 , 1 6 0 , 1 7 5 , 3 2 0 
, 2 2 5 , 2 2 0 , 2 7 0 ( n = 1 3 ) 
, 2 4 0 , 2 3 0 , 1 2 0 , 1 6 0 { n = 6 ) 
, 1 8 5 , 2 0 5 , 6 0 ( n = 5 ) 
6 . 9 . 1 6 , 9 , 1 1 . 1 1 . 
2 2 . 1 6 . 1 7 , 2 2 , 3 
1 4 , 1 6 , 5 , 1 2 , 1 6 
7 , 8 , 1 2 , 1 5 , 8 , 4 , 
1 4 , 1 6 
5 , 7 . 4 . 3 . 7 
SABARMATI 
RIVER 
RANGPUR 
DHUNDHAR 
ITDL 
PIPLIA 
PADHMALA 
RUPAL 
Planar 
Trough 
Planar 
Trough 
Planar 
Trough 
Planar 
Trough 
BHVOPUR 
MEHTAPUR 
HIMATNAGAR SECTOR 
Planar 1 3 5 . 7 0 , 1 5 0 ( n = 3 ) 5 
Trough 9 5 . 8 5 , 9 5 , 1 0 0 , 9 5 , 1 1 0 , 7 0 , 2 4 5 
154,255,240.60,105, 70ln=14) 
N = 17 
Planar 3 2 5 . 3 3 5 , 3 4 0 , 1 0 5 , 1 5 5 , 3 2 5 , 2 5 5 ( n = 7 ) 2 2 , 6 
Trough 1 0 5 , 1 0 5 , 2 0 , 3 0 ( n = 4 ) 
N = 11 
Planar 1 5 5 . 1 6 0 , 1 8 5 , 3 2 0 { n = 4 ) 4 , 1 2 
Trough 2 2 5 , 2 0 5 , 1 9 5 , 2 2 0 , 2 2 5 , 2 2 5 , 4 5 , 2 0 0 . 
1 7 0 . 2 4 0 , 2 0 4 . 2 6 5 . 2 7 5 , 3 2 0 . 1 5 5 . 1 5 5 
1 7 0 . 1 4 0 . 1 9 0 ( n = 1 8 ) 
N = 22 
1 4 5 . 4 0 . 6 0 , 3 2 0 , 3 2 5 , 3 2 0 , 3 1 0 ( n = 7 ) 2 0 , 1 0 . 4 
1 4 5 , 4 5 , 3 1 5 , 3 3 0 , 1 2 5 , 3 2 0 , 1 6 5 , 3 1 0 
(n=8) 
N = 15 
3 4 0 , 3 5 0 , 3 3 5 , 4 0 . 1 2 0 . 1 3 0 , 2 1 0 ( n = 7 ) 2 
2 1 5 , 2 1 0 , 1 4 0 , 1 5 5 , 1 2 5 , 3 2 5 , 2 4 5 , 3 0 5 , 
3 5 0 , 3 2 0 , 3 4 0 , 3 3 0 , 8 0 ( n = 1 3 ) 
N = 20 
3 3 0 , 7 5 , 1 2 5 ( n = 3 ) 
2 1 5 , 3 4 0 , 2 9 5 ( n = 3 ) 
N = 6 
1 2 0 , 5 6 , 1 1 0 , 1 2 5 , 1 4 5 , 1 2 0 { n = 6 ) 
1 3 5 , 6 5 , 7 5 , 9 0 , 1 0 0 , 9 5 , 1 0 , 2 0 0 , 7 0 , 
350, 15 , J ' J U , 4 S , 6 0 , 1 1 0 , 3 0 , 7 0 , 3 5 5 , 
2 0 , 3 4 5 , 5 0 , 3 2 0 , 4 5 , 3 4 5 ( n = 2 4 ) 
N = 30 
Planar 1 5 0 , 1 4 5 ( n = 2 ) 
Trough 1 7 0 , 1 8 0 , 2 5 5 , 5 0 , 1 4 5 , 3 0 0 ( n = 6 J 
N = 8 
Planar 3 4 5 , 1 3 0 , 1 5 0 , 2 4 0 , 1 4 5 , 2 5 0 , 2 6 0 , 3 2 5 
2 9 5 , 1 4 5 , 1 8 0 ( n = l l ) 
Trough 2 8 0 , 3 2 0 { n = 2 ) 
N = 13 
6 ,16 
6 , 1 0 
8 , 1 2 , 1 0 . 9 , 1 4 , 1 6 
11 
1 4 . 2 . 
1 2 . 4 , 
1 0 , 9 , 8 , 9 
11 
4 , 2 . 1 2 
2 4 , 1 4 , 1 6 
6 , 1 0 , 3 
2 4 , 1 2 , 1 9 
16 
1 9 , 2 0 , 5 
CHALOR 
VALUNDI 
Planar 
Trough 
Planar 
Trough 
FATEHPUR SECTOR 
8 5 , 1 0 0 , 8 4 , 7 0 , 9 2 , 1 0 5 , 1 1 0 , 4 0 , 6 5 , 
6 0 , 6 5 , 8 0 , 7 5 { n = 1 3 ) 
0 , 4 0 , 2 5 , 3 4 0 , 1 5 ( n = 5 ) 
N = 80 
590,45(n=3) 
3 0 , 2 0 , 3 5 5 , 1 1 0 , 1 9 0 . 9 5 , 2 0 , 9 5 . 1 0 5 
5 , 1 5 , 1 1 0 , 7 0 . 8 0 . 2 0 . 1 2 0 , 3 5 0 , 4 0 , 4 5 
7 5 , 1 2 0 , 4 5 , 3 5 , 3 0 , 5 5 , 1 5 , 6 5 , 6 5 . 3 0 
2 5 , 9 5 , 1 1 0 , 2 6 0 , 1 7 0 , 2 5 ( n = l j ) 
N = 38 
4 0 , 3 5 , 2 9 , 2 0 , 1 0 , 2 5 4 0 , 4 5 , 6 0 
3 5 , 1 8 , 2 3 , 2 1 , 2 6 , 3 2 , 3 3 
2 ,6 ,9 4 ,4 ,6 
I l l 
KARMEL Planar 95(n=l) 13 4 
Trough 85 ,60 ,55 .85 ,50 ,60 ,55 ,30 ,70 
115,13 0 ,10 ,55 ,60 ,35 ,145 ,70 ,45 ,20 
120,110,15,80,20,115.95(n=26) 
N = 27 
PAVAGARH SECTOR 
VANKARIA Planar 195,260,190,145,195,70,255,330, 1 2 , 6 , 1 2 , 1 0 , 1 1 , 1 2 , 1 1 9 , 6 , 6 , 8 , 7 , 6 , 4 , 
290.300,250,320,210,210,190(n=15) 8 ,12 ,19 ,9 ,6 ,10 ,6 4 , 6 , 4 , 8 , 6 
Trough 175.280,230,180,195,225,220,255, 
325.305,235,240,255(n=13) 
N = 28 
